SURVIVABILITY  •  SUSTAINABILITY  •  MOBILITY 
SCIENCE  AND  TECHNOLOGY 
SOLDIER  SYSTEM  INTEGRATION 


TECHNICAL  REPORT  AD. 

NATICK/TR-95/014 


MODIFIED  ATMOSPHERE 
PACKAGING  AND  ITS  FEASIBILITY  FOR 
MILITARY  FEEDING  SYSTEMS 

by 


Karen  R.  Conca 
Tom  C.S.  Yang 


December  1994 


Final  Report 


November  1989  -  September  1993 


Approved  for  Public  Release,  Distribution  Unlimited 


UNITED  STATES  ARMY  NATICK 
RESEARCH,  DEVELOPMENT  AND  ENGINEERING  CENTER 
NATICK,  MASSACHUSETTS  01760-5000 


SUSTAINABILITY  DIRECTORATE 


19950117  082 


DISCLAIMERS 


The  findings  contained  in  this  report  are  not  to 
be  construed  as  an  official  Department  of  the  Army 
position  unless  so  designated  by  other  authorized 
documents  . 

Citation  of  trade  names  in  this  report  does  not 
constitute  an  official  endorsement  or  approval  of 
the  use  of  such  items. 


DESTRUCTIOK  KOTICE 

For  Classified  Documents: 

Follow  the  procedures  in  DoD  5200. 22-M,  Industrial 
Security  Manual,  Section  11-19  or  DoD  520O.1-R, 
Information  Security  Program  Regulation,  Chapter  IX. 

For  Unclassifled/Lir.ited  Distribution  Documents; 

Destroy  by  any  method  that  prevents  disclosure  of 


contents  or  reconstruction  of  the  document. 


REPORT  DOCUMENTATION  PAGE 

Form  Approved 

0MB  No.  0704-0188 

Public  reporting  burden  for  this  collection  of  information  is  estimated  to  average  1  hour  per  response,  including  the  time  for  reviewing  instruaions,  searching  existing  data  sources, 
gathering  and  maintaining  the  data  needed,  and  completing  and  reviewing  the  colleaion  of  information.  Send  comments  regarding  this  burden  estimate  or  any  other  aspect  of  this 
collection  of  information,  including  suggestions  for  r^ucing  this  burden,  to  Washington  Headquarters  Services.  Directorate  for  Information  Operations  and  Reports,  1215  Jefferson 
Davis  Highway,  Suite  1204,  Arlington,  VA  22202-4302,  and  to  the  Office  of  Management  and  Budget,  Paperwork  Reduction  Project  (0704-0188),  Washington.  DC  20503. 

1.  AGENCY  USE  ONLY  (Leave  blank)  2.  REPORT  DATE  3.  REPORT  TYPE  AND  DATES  COVERED 

Deceariber  1994  Final  1  Nov  89  30  Sep  93 

4.  TITLE  AND  SUBTITLE 

Modified  Atmosphere  Packaging  and  Its  Feasibility 
for  Military  Feeding  Systsns 

5.  FUNDING  NUMBERS 

AGG  code:  MSR1532 
Program  ID:  AM  92-20 

6.  AUTHOR(S) 

Karen  R.  Conca  and  Tan  C.S.  Yang 

7.  PERFORMING  ORGANIZATION  NAME(S)  AND  ADDRESS(ES) 

US  Amy  Natick  RD&E  Center 

Attn:  SATNC-WRA 

Natick,  MA  01760-5018 

8.  PERFORMING  ORGANIZATION 

REPORT  NUMBER 

NATICK/TR-95/014 

9.  SPONSORING /MONITORING  AGENCY  NAME(S)  AND  ADORESS(ES) 

10.  SPONSORING /MONITORING 

AGENCY  REPORT  NUMBER 

11.  SUPPLEMENTARY  NOTES 

12a.  DISTRIBUTION /AVAILABILITY  STATEMENT 

i^roved  for  pL±)lic  release,  distribution  unlimited 

12b.  DISTRIBUTION  CODE 

13.  ABSTRACT  (Max/mum  200  words) 

The  purpose  of  this  project  is  to  test  the  effects  of  different  modified 
atmospheres  and  packaging  systems  on  the  shelf  life  extension  of  several  focxis,  and 
their  feasibility  for  military  feeding  systons.  Several  trials  were  conducted  on 
packaging  food  products  under  modified  atmospheres.  Foods  such  as  cooked  boneless 
chicken  breasts,  hamburger  patties  and  scrambled  eggs  were  packaged  under  different 
gas  mixtures,  and  with  different  packaging  systems.  There  were  also  trials  testing 
Time  Tdonperature  Indicators  (TTIs),  packaging  equipment  and  local  modified 
atmosphere  pjackaging  (MAP)  proclucers. 

These  studies  showed  that  a  hi^  barrier  packaging  is  preferable  for  cxDoked 
meats.  Initial  gas  analysis  for  some  studies  showed  different  gas  levels  than  viiat 
was  injected  such  as  20%  less  carbon  dioxide  (002),  with  the  gas  ccarposition 
roraining  quite  stable  thereafter.  There  is  a  need  to  determine  if  reduced  carbon 
dioxide  levels  or  gas  mixture  variation  is  due  to  the  packaging  equipment,  namely, 
the  form-fill-sealers  or  gas  absorption  by  the  food  and  to  vhat  extent.  Microbial 
growth  was  erratic  during  most  of  the  studies  therefore  microbial  correlations  were 

(continued) 

14.  SUBJECT  TERMS  PACKAGING  lUJU  PKKSERVATION  TEMPERATURE 

MODIFIED  ATMOSPHERE  PACKAGING  REFRIOI^ATIQJ  SYSTEMS  ENTREES 

TIME-TEMPERATURE  INDICATOR  FEASIBILITY  STUDIES  HAZARDS 

CaSPIRDLLED  ATMOSPHERES  SHELF  LIFE  RATICNS 

15.  NUMBER  OF  PAGES 

66 

16.  PRICE  CODE 

17.  SECURITY  CLASSIFICATION 

OF  REPORT 

Unclassified 

18.  SECURITY  CLASSIFICATION 
OF  THIS  PAGE 

Unclassified 

19.  SECURITY  CLASSIFICATION 

OF  ABSTRACT 

Unclassified 

20.  LIMITATION  OF  ABSTRACT 

Unlimited 

NSIM  7540-01-280-5500 


Standard  Form  298  (Rev.  2-89) 

Prescribed  by  ANSI  Std.  Z39-18 
298-102 


13.  ABSTEUICT  (continued) 


inconclusive.  Strict  Hazard  Analysis  Critical  Control  Point  (HACCP)  is  needed  for 
all  MAP  productions  to  limit  microbial  hazards.  Sensory  testing  conducted  on  test 
saitples  vas  delayed  by  one  week  waiting  for  microbial  results.  There  were  no  off 
flavors  contributed  by  the  gas  mixtxires.  A  more  sensitive  label  than  the  TTI 
Lifeline  label  #76  was  needed  to  detect  short  term  tarperature  abuse  and  label  #60 
was  identified  as  an  efficient  indicator  for  a  3-4  week  expiration.  There  was 
indication  that  tarperature  abuse  for  4  hours  at  100°F  was  sufficient  to  cause 
harmful  microbial  growth  in  a  MAP  entree. 

Due  to  the  nature  of  MAP  foods  and  their  restrictive  requiranents,  it  is  hi^ly 
imlikely  that  many  present  day  MAP  products  will  be  implemented  in  the  military 
field  ration  system.  MAP  technology  will  be  best  used  for  ojq^gen  and  moisture 
control  in  shelf -stable  rations,  ethylene  absorption  in  fresh  produce  and  controlled 
atmosphere  packaging  (CAP)  for  shelf  life  extension  during  long  distance  transport 
of  fresh  fruits  and  vegetables  within  the  military  ration  systan. 


TABLE  OF  CXMCENTS 


PAGE 


LIST  OF  FIGURES 
LIST  OF  TABLES  • 
PREFACE  - 


-(iv) 

-(  V) 
(vii) 


1.  INTRODUCTI(»J  - (  1) 

la.  DESCRIPTIOJ  - (  1) 

lb.  POOD  TYPES  - (  3) 

lc.  GAS  MIXTURES  - ; - (  4) 

ld.  PACKAGING  - (  4) 

le.  POOD  SAFETY,  SANITATION  AND  HAZARD  ANALYSIS  CRITICAL  CCOTROL 

POINTS  (HACCP)  - (  5) 


2.  REQUIREMENTS  - (  5) 

2a.  ARMY  REQUIREMENTS  - (  5) 

2b.  STORAGE  - (  6) 

2c.  BENEFITS/DRAWBACKS  - (  6) 

3.  METHODS  AND  PROCEDURES  - (  6) 

3a.  INTRODUCTION  - (  6) 

3b.  TRIAL  1  :  NATICK  MAP  CHICKEN  - (  7) 

3c.  TRIAL  2  :  TRIO'S  MAP  CHICKEN  - - (  8) 

3d.  TRIAL  3  :  EVALUATICB  OF  TIME  TEMPERATURE  INDICATORS  (TTIs) 

AND  CCMMERCIAL  MAP  ITEMS  - (  8) 

3e.  TRIAL  4  :  NATICK  MAP  POUCH  HAMBURCSRS  - (11) 

3f .  TRIAL  5  :  NATICK  MAP  EGGS  - (12) 

3g.  TRIAL  6  :  DELUCA'S  MAP  EGGS  - (15) 

4.  RESULTS  &  DISCUSSI®r  - (17) 

4a.  TRIAL  1  :  NATICK  MAP  CHICKEN  - (17) 

4b.  TRIAL  2  :  TRIO'S  MAP  CHICKEN  - (18) 

4c.  TRIAL  3  :  EVALUATIGN  OF  TIME  TEMPERATURE  INDICATORS  (TTIs) 

AND  CCMMERCIAL  MAP  ITEMS  - (18) 

4d.  TRIAL  4  :  NATICK  MAP  POUCH  HAMBURGERS  - (20) 

4e.  TRIAL  5  :  NATICK  MAP  EGGS  - (21) 

4f.  TRIAL  6  :  DELUCA'S  MAP  EXX;S  - (22) 

5.  CQNCLUSiaiS  AND  REOGMMENDATICKS  - (23) 

LIST  OF  REFERENCES  - (25) 

APPENDIX  A  FIGURES  -  TRIALS  1  TO  6  - (30) 

APPENDIX  B  TABLES  -  TRIALS  1  TO  6  - (42) 


iii 


FIGURES 


LIST  OF  FIGURES 


PAC$ 


1.  Types  of  MDdified  Atmosphere  Packaging  Systems 
Essential  oonponents  of 


la.  MxiLfied  atmosphere  packaging - (  2) 

lb.  Vacuum  packaging - (  2) 

lc.  Sous  vide  packaging - (  2) 

ld.  Active  packaging - (  2) 

2.  Time  Temperature  Indicator  label  - (10) 

3.  Basic  parts  of  the  form/fill/seal  packaging  equipnient  - (14) 


Trial  1  NATICK  MAP  CHICKEN 

A-la  Natick  MAP  chicken:  Air  vs.  Time  - (30) 

A-lb  Natick  MAP  chicken:  Gas  1  vs.  Time  - (30) 

A-lc  Natick  MAP  chicken:  Gas  2  vs.  Time  - (31) 

A-ld  Natick  MAP  chicken:  Gas  3  vs.  Time - (31) 

A-le  Natick  MAP  chicken:  Gas  4  vs.  Time  - (32) 

Trial  2  TEUiO'S  MAP  CHICKEN 

A-2a  Trio's  MAP  chicken:  Gas  1  vs.  Time  - (33) 

A-2b  Trio's  MAP  chicken:  Gas  2  vs.  Time  - (33) 

A-2c  Trio's  MAP  chicken:  Gas  3  vs.  Time  - (34) 


Trial  3  EVALUATION  OF  TIME-TEMPERA'TORE  INDICATORS  (TTIS)  AND 
CCMMERCIAL  MAP  ITEMS 

A-3a  Control  MAP  lasagna  TTI  label  #60  reflectance  data - (35) 

A-3b  Control  MAP  lasagna  TTI  label  #67  reflectance  data  - (35) 

A-3c  Control  MAP  lasagna  TTI  Label  #76  reflectance  data  - (36) 


Trial  4  NATICK  MAP  POUCH  HAMBURGERS 

A-4a  Natick  MAP  hamburgers  water  displacement  data  - (37) 

A-4b  Natick  MAP  hamburgers  week  1  gas  coitposition  - (37) 

A-4c  Natick  MAP  hamburgers  week  4  gas  ccnposition  - (38) 

Trial  5  NATICK  MAP  EGGS 

A-5a  Natick  MAP  eggs  Air  (held)  gas  conposition  - (39) 

A-5b  Natick  MAP  eggs  Air  (randan)  gas  conposition - (39) 

A-5c  Natick  MAP  eggs  Gas  (held)  conposition  - (40) 

A-5d  Natick  MZ\P  eggs  Gas  (randan)  conposition  - (40) 

Trial  6  DELUCA'S  MAP  EGGS 

A-6a  Deluca's  single  serve  MAP  eggs  week  1  gas  composition  - (41) 


A-6b  Deluca's  single  serve  MAP  eggs  week  4  gas  composition  - (41) 


iv 


LIST  OF  TABLES 

TABLES  page 

Trial  1  NATICK  MAP  CHICKEN 

B-1  Natick  MAP  chicken  gas  analysis  data - (42) 

Trial  2  TRIO'S  MAP  CHICKEN 

B-2a  Trio's  MAP  chicken  gas  analysis  data - (43) 

B-2b  Trio's  MAP  chicken  microbiological  data - (43) 

Trial  3  EVALUATIQSI  OF  TIME-TEMPERAIORE  INDICAIORS  (TTIs)  AND 
CCMMERCIAL  MAP  ITEMS 

B-3a  MAP  TTI  sensory  testing  guidelines  - (44) 

B-3b  Sensory  evaluation  form - (45) 

B-3c  MAP  TTI  testing  schedule - (46) 

B-3d  MAP  TTI  chicken  and  lasagna  sensory  data - (47) 

B-3e  MAP  TTI  chicken  and  lasagna  microbiological  analysis  data  -(48) 

B-3f  MAP  TTI  chicken  and  lasagna  pH  data - (48) 

B-3g  MAP  TTI  chicken  and  lasagna  no  abuse  reflectance  data - (49) 

B-3h  MAP  TTI  chicken  and  lasagna  abuse  70  F  reflechance  data - (50) 

B-3i  MAP  TTI  chicken  and  lasagna  abuse  100  F  reflectance  data  — (51) 

B-3j  MAP  TTI  chicken  and  lasagna  slope  and 

correlation  coefficient  data  - (52) 

Trial  4  NATICK  MAP  POUCH  HAMBUR3ERS 

B-4a  Natick  MAP  hamburgers  water  displacanent  data  - (53) 

B-4b  Natick  MZff  hamburgers  gas  analysis  data - (53) 

B-4c  Natick  MZff  hamburgers  microbiological  analysis  data - (54) 

Trial  5  NATICK  MAP  EGGS 

B-5a  Natick  MAP  eggs  gas  analysis  data - (55) 

B-5b  Osgrgen  transmission  rate  of  packaging  films  - (56) 

B-5c  Natick  MAP  eggs  chemical  analysis  - (56) 

B-5d  Natick  MAP  eggs  microbiological  analysis  and  pH - (56) 

Trial  6  DELUCA'S  MAP  EGGS 

B-6a  Oxygen  transmission  rate  of  packaging  material  - (57) 

B-6b  Deluca's  MAP  eggs  gas  analysis  data - (57) 


V 


VI 


PREFACE 


This  technical  report  summarizes  studies  conducted  by  U.S.  Anny  Natick 
RD&E  Center  to  evaluate  modified  atmosphere  packaging  as  a  preservation 
technique  for  military  rations  or  ration  feeding.  Part  3  describes  the 
methods  and  procedures  for  six  trials  in  the  order  that  they  were  tested. 
Part  4  contains  the  results  and  discussions  for  these  six  trials.  The 
List  of  Figures,  and  the  information  in  i^pendices  A  and  B  are  arranged 
according  to  trial  and  not  necessarily  in  the  order  cited  in  the  text. 

This  presentation  was  done  for  easy  referencing.  This  effort  was 
undertaken  under  Military  Service  Requirement  1532,  AM  92-20,  entitled 
Mudified  Atmosphere  Packaging/Storage. 

The  authors  gratefully  acknowledge  the  contributions  of  Ms.  Claire 
Lee,  Dr.  Anthony  Sikes  and  Ms.  Selene  Watiwat  for  conducting  the  microbial 
tests,  Ms.  Margaret  Robertson  for  conducting  the  gas  and  chemical 
analyses,  Mr.  Jay  Jones  for  his  assistance  with  the  packaging  material  and 
equipment,  Mr.  Paul  Dell  for  his  assistance  in  conducting  oxygen 
transmission  analysis.  Special  thanks  go  to  Ms.  Michelle  Richardson  for 
her  assistance  and  support. 
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MODIFIED  ATMOSPHERE  PACKAGING  AND  ITS  FEASIBILITY  FOR 
MILITARY  FEEDING  SYSTEMS 


1.  INTRODUCTION 
la.  DESCRIPTION 

Modified  Atmosphere  Packaging  (MAP)  is  a  preservation  technique  vMdi 
can  extend  the  refrigerated  shelf  life  of  minimally  processed  foods.  MAP 
uses  different  mixtures  of  gases  than  are  normally  found  in  breathing 
air.  MAP-packed  foods  have  an  extended  shelf  life  because  of  the 
inhibitory  effect  carbon  dioxide  has  on  spoilage  microbes  [1].  A  hi^ 
barrier  packaging  material  is  canmonly  used  for  MAP  systems  to  prevent  any 
gas  exchange  with  the  outside  atmosphere  [2].  MZ\P  foods  are  minimally 
processed,  are  not  sterilized  and  are  sensitive  to  microorganisms  (i.e., 
they  are  not  retorted  in  hi^  barrier  packages)  therefore  MAP  products 
commonly  need  to  be  refrigerated  or  frozen. 

Foods  packaged  in  a  modified  atmosphere,  controlled  atmosphere,  vacuum 
packed  or  sous  vide  (vacuum  packed  and  slow  cooked)  are  all  included  in 
the  category  of  modified  atmosphere  packaging  [  3  ] .  To  a  certain  degree 
foods  packaged  with  absorbing  materials  for  oj^gen  or  moisture  are  also 
considered  to  be  modified  atmosphere  products.  Seme  exaitples  of  the 
different  types  of  MAP  systems  include  the  following: 

1.  Minimally  processed  foods  are  packed  under  modified  atmospheres  in 
hi^  barrier  containers  or  bags.  This  is  done  by  the  displaconent  of  air 
in  a  package  by  another  gas,  by  pulling  a  vacuum,  gas  flushing  and 
sealing.  The  gas  mixture  may  change  with  time  depending  on  the  type  of 
food.  Intermediate  and  hi^  moisture  foods  must  be  stored  in  the 
refrigerator  or  freezer  [4].  (Fig.  la) 

2.  Controlled  atmosphere  packaging  (CAP)  is  described  as  a 
preservation  technique  viiich  establishes  a  specified  gas  mixture  and 
maintains  that  environment.  This  can  be  acconplished  the  use  of 
specific  permeable  mea±)ranes  or  by  maintaining  a  constant  environmait 
within  a  storage  area  using  gas  adjusting  equipment  [5]. 

3.  Vacuum  packaging  rotioves  all  air  from  the  package;  hi^  barrier 
ba^  are  usually  used.  Vacuum  packaging  can  be  used  for  meats,  cooked 
food  and  shelf-stable  foods  vAiich  may  need  refrigeration.  (Fig.  lb) 

4.  Sous  vide  is  a  method  of  packaging  raw  foods  under  vacuum  in  hi^ 
barrier  films  and  then  slow  cooking.  Sous  vide  is  used  for  perishable 
gourmet  foods  vAiich  need  refrigeration  [6].  (Fig.  Ic) 

5.  Ocqrgen  absorbers  and  active  packaging  are  used  to  modify  the 
atmosphere  within  a  food  container  after  packaging.  Oxygen  absorbers 
reduce  the  oxygen  level  for  foods  packed  in  air  or  reduce  residual  osg^gen 
levels  of  a  specific  gas  mixture  or  vacuum  packaged  item.  This  system 
uses  hi^  barrier  packaging  with  a  reactive  ojqrgen  absorbing  packet  [7, 

8].  Active  packaging  technology  uses  a  reactive  si±>stance,  vAiich  is 
incorporated  into  a  layer  of  the  packaging  material  or  viiich  has  specific 
gas  permeability.  Active  packaging  with  an  ojcygen-absorbing  substance  can 
reduce  the  oxygen  level  to  100  ppm,  vMch  will  prevent  mold  growth  and  is 
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Figure  1.  Types  of  modified  atmosphere 
packaging  systems  essential  components  of 
a)  modified  atmosphere  packaging;  b) 
vacuum  packaging;  c)  sous  vide  packaging; 
d)  active  packaging. 
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used  niainly  for  starch  or  bread  products  at  ambient  teroperatures .  An 
active  packaging  with  a  gas-anitting  substance  will  emit  a  custcmized  gas 
mixture  creating  a  modified  atmosphere  within  the  container  after 
packaging  [9].  Another  type  of  active  packaging  is  a  packaging  material 
with  metal  ions  incorporated  into  the  food  contact  layer,  vAiich  will 
suppress  or  kill  bacteria  [10].  Yet  another  technique  of  modified 
atmosphere  active  packaging  is  a  torperature  cxarpensating  gas  permeable 
packaging  material,  vhich  is  an  efficient  packaging  used  for  vhole  or  cut 
raw  produce  [11].  There  is  also  a  packaging  systan  with  specific  gas 
permeability  properties  which  can  extend  the  shelf-life  of  fresh  produce 
and  meat  to  30  days  [12  -  14].  (Fig.  Id)  Gas  permeable  labels  applied  to 
a  container  over  vent  holes  to  acconmodate  fresh  produce  respiration  is  an 
exaiiple  of  CKP  vhich  regulates  the  gas  flow  within  the  container  [  15  ] . 

The  modified  atmosphere  packaged  foods  referred  to  within  this  report 
are  of  the  type  listed  as  la  above.  The  gas  mixture  that  surromds  the 
food  is  responsible  for  extending  the  shelf  life  by  inhibiting  microbial 
growth.  MAP  can  extend  the  shelf -life  of  a  perishable  food  by  400%  [16]. 
MAP  is  being  used  to  extend  the  shelf -life  of  baked  goods,  fresh  fruits 
and  vegetables,  meats,  and  precooked  reacfy-to-eat  products  without  severe 
processing. 

lb.  POOD  TYPES 

There  are  seemingly  no  limitations  to  the  types  of  foods  that  can  be 
packaged  in  a  modified  atmosphere.  Foods  can  be  put  into  two  categories 
vhen  considering  MAP:  1)  fresh  produce  or  respiring  living  systems,  and  2) 
nonrespiring  or  cooked  foods.  This  is  based  on  there  being  biochemical 
metabolic  activity  present  to  be  respiring  or  no  metabolic  activity  to  be 
nonrespiring  [17].  Critical  factors,  vhen  considering  MAP  conditions,  are 
the  pH,  Aw,  the  presence  of  preservatives  and  the  respiration  rate  if  it 
is  a  living  system.  The  initial  microbial  load  is  also  an  important 
factor  and  the  types  of  microbes  ejpected  to  grow  if  given  the  ri^t 
conditions  [16].  The  extent  of  processing  and  the  type  of  food  will 
affect  these  critical  factors. 

Designing  MAP  systems  for  fresh  fruits  and  vegetables  requires 
consideration  of  their  respiration  rate,  the  oonsunption  of  oxygen  and  the 
production  of  caibon  dioxide  [18,  19].  Reduced  ojq^gen  levels  to  <  1%  or 
elevated  carbon  dioxide  levels  to  >  10%  can  retard  the  ripening  and 
softening  process,  reduce  respiration  and  ethylene  production  (produced  by 
fruit  or  vegetable  naturally  to  hasten  ripening) .  Extended  storage  in  low 
ojcygen  environment  can  also  result  in  anaerobic  respiration  or  metabolic 
damage.  Ethylene  absorption  systems  have  been  shown  to  maintain  the 
quality  of  some  li^t  processed  fruits  and  vegetables  [20].  The  ideal 
balance  would  be  to  minimize  the  respiration  rate,  vhich  is  different  for 
each  fruit  and  vegetable,  without  ccsiprcinising  the  metabolic  system. 
Permeable  or  slow  breathing  packaging  material,  vhich  allows  minimum  gas 
exchange  for  minimum  respiration,  has  been  developed  for  fresh  produce 
[21,  22]. 

When  packing  fresh  red  meat  both  the  familiar  red  color  and  the 
microbial  growth  are  factors  to  be  considered.  If  red  meat  is  e:q»sed  to 
a  gas  atitosphere  without  oxygen  then  oxynyoglobin  is  reduced  to 
myoglobin.  The  pigment  responsible  for  the  bri^t  red  color, 
ojynyoglobin,  will  turn  into  a  purplish  color  (i.e.,  reduced  ityoglobin). 
The  optimum  gas  mixture  to  maintain  the  red  color  and  microbial 
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suppression  is  between  85-90%  os^gen  and  10-15%  carbon  dioxide  [23]. 
Reduced  oxygen  may  reduce  rancidity,  but  the  longer  the  shelf  life  with 
reduced  osg^gen,  the  greater  chances  that  color  may  be  affected.  The 
controlling  factor  to  shelf  life  is  ojgrgen  but  consumer  acceptance  will  be 
greatly  affected  ty  the  meat  color.  Elaborate  two-phase  packaging  systems 
have  been  developed  for  MAP  packaging  fresh  meat,  vhich  extend  the  shelf 
life  during  shipping  with  a  low  oxygen  gas  mixture  and  then  allow  the 
storekeepers  to  prepare  product  for  consumer  viewing.  One  packaging 
system  for  MAP  meat  consists  of  a  hi^  barrier  dome  lid  over  a  gas 
permeable  film.  The  hi^  barrier  done  holds  a  gas  mixture,  i.e.,  30% 
carbon  dioxide  and  70%  nitrogen,  vhich  will  be  removed  just  prior  to 
consumer  viewing.  The  gas  permeable  film  will  permit  oxygen  to  restore 
the  meat's  red  bloom  in  about  20  minutes  [13,  14]. 

Cooked  or  minimally  processed  foods  are  nonrespiring  systens.  There 
is  very  little  to  no  gas  exchange  between  the  food  and  its  modified  gas 
atmosphere  except  some  absorption  of  cathon  dioxide  vhen  a  hi^  barrier 
packaging  is  used.  A  ccanmon  gas  mixture  used  fon  nonrespiring  foods  is 
75%  carbon  dioxide,  15%  nitrogen  and  10%  oxyg^  [16]. 

lc.  GAS  MIXTURES 

Gases  cammonly  used  for  MAP  are  carbon  dioxide,  nitrogen,  and  oxygen 
but  the  concentrations  should  be  tailored  for  individual  food  products. 
Carbon  dioxide  is  the  gas  that  effectively  increases  the  lag  phase  and 
generation  time  of  microbes  and  is  responsible  for  inhibiting  spoilage 
bacterial  growth  [24].  Carbon  dioxide  has  a  bacteriostatic  effect  and 
some  bactericidal  effects  to  inhibit  the  growth  of  S.  aureus.  Salmonella, 
Yersinia  and  gram-negative  bacteria.  It  also  acts  as  an  insecticide  and 
will  inhibit  mold  growth.  The  mechanism  is  unknown  but  it  may  be  due  to  a 
decreasing  pH.  The  gaseous  carbon  dioxide  dissolves  with  the  agueous 
portion  of  food,  reacts  with  surface  water  to  give  carbonic  acid  and  a 
lower  pH  [25].  It  is  also  thou^t  that  carbon  dioxide  alters  the 
bacterial  cells '  permeability  and  causes  ai2ymatic  inhibitions  [  23  ] .  The 
inclusion  of  low  levels  of  osq^gen  is  a  preventative  measure  to  inhibit 
anaerobic  growth  if  pathogenic  growth  is  a  concern  [26].  If  a  processing 
operation  is  clean  there  may  be  little  need  for  oxygen.  Nitrogen  is  used 
as  the  inert  balance,  a  filler  and  to  lower  the  o^g^gan  concentration. 

There  may  be  gas  absorption  the  food  after  packaging,  vhich  may 
cause  packaging  collapse.  Many  MAP  manufacturers  avoid  package  coll^se 
by  sli^t  gas  overfilling  and  within  a  few  hours  to  a  few  days  the 
gas/food  equilibrate  leaving  the  package  at  normal  fill. 

The  amount  of  gas  as  coipared  to  food  is  an  iirportant  consideration 
\^en  packaging  systems  are  chosen.  The  proportions  of  gas  to  product  can 
determine  the  effectiveness  and  how  long  that  effectiveness  will  be  at  its 
optimum.  The  amomt  of  surface  area  the  product  has  ejqxDsed  to  the 
modified  gases  can  also  determine  the  systons'  effectiveness.  In  both 
cases  more  is  better,  i.e.,  more  gas  to  product  and  more  surface  area  per 
product. 

ld.  PACKAGING 

The  function  of  the  packaging  is  three  fold.  The  first  is  to 
accammodate,  contain  (enclose  or  surround)  and  protect  the  integrity  of 
the  food  iton.  Packaging  systems  for  MAP  can  vary  greatly  fran  a 


4 


lamiiiated  carcJboard  or  hi^  barrier  material,  preformed  containers  or 
formed  on  line,  rigid  or  semirigid  container  vrLth  a  peelable  or 
noipeelable  lid  film  to  a  hi^  barrier  pouch.  The  second  is  to  provide 
protection  against  contamination  during  storage  to  maintain  a  hi^  quality 
food  with  an  extended  shelf  life  and  thirdly  to  contain  and  hold  the 
modified  gas  atmosphere  around  the  food.  The  more  effective  the  barrier 
properties  of  the  packaging  material  the  better  it  will  prevent  any  gas 
exchange  between  the  outside  and  the  packaging  atmosphere  [  27  ] . 

le.  POOD  SAFETY,  SANITATION  AND  HAZARD  ANALYSIS  CRITICAL  CCKIROL  POINTS 
(HACCP) 

A  clean  operation  is  of  the  utmost  iirportance  when  processing  foods 
that  will  not  be  sterilized  during  production,  such  as  MAP  foods.  To 
assure  food  safety,  precautions  such  as  pasteurization  must  be  taken  in 
all  food  processing.  There  are  special  precautions  for  MAP  foods  because 
a  MAP  food  will  not  be  sterilized  and  contamination  or  mishandling  at  any 
point  in  production  can  make  it  unsafe  for  oonsimption.  Common  food 
spoilage  microbes  give  off  putrid  odors  and  that  is  an  indication  that 
pathogenic  organisms  may  also  be  present  and  that  the  food  is  unsafe  to 
eat.  Hi^er  than  normal  carbon  dioxide  levels  within  a  MAP  product  will 
suppress  the  growth  of  spoilage  organisms  [1]. 

The  packaging  process  of  MAP  products  is  usually  performed  in  a  clean, 
air  conditioned  area.  All  personnel  should  be  required  to  dress  so  as  to 
not  contaminate  the  product,  at  all  critical  control  points.  Critical 
control  points  are  locations  identified  along  the  processing  or  production 
line  vhere  measures  can  be  taken  to  prevent  safety  hazards.  During 
formulation  or  processing,  vMch  can  be  quite  elaborate,  the  minimization 
of  contamination  becomes  critical  to  assuring  the  quality  and  safety  of 
foods  [28].  The  strict  monitoring  and  control  of  all  processing  steps  is 
a  technology  unto  itself  and  the  guidelines  to  this  system  are  called 
Hazard  Analysis  Critical  Control  Point  (HACCP)  [24].  At  this  time  there 
are  no  regulations  governing  the  processing  of  "new  generation 
refrigerated  foods,"  vdiich  include  MAP  foods.  It  is  the  sole 
responsibility  of  the  iienufacturers  to  assure  the  safety  of  their 
product. 

2.  REQUIREMENTS 
2a.  ARMY  REQUIREMENTS 

There  is  a  need  for  a  military  ration  that  is  familiar  to  the  soldier 
and  accepted  as  a  home  cooked  meal  would  be  accepted.  Tray  packs  and  MRE 
ccaiponents  that  are  retorted  or  freeze  dried  make  rp  most  of  the  existing 
shelf -stable  military  rations.  It  is  not  yet  feasible  to  modify  a  freeze 
dehydrated  or  a  retorted  ration  to  approximate  a  fresh  cooked  meal.  MAP's 
ability  to  extend  the  shelf  life  of  a  cooked  refrigerated  food  is  a  good 
possible  alternative.  The  initial  military  requirement  called  for  meals 
with  the  fresh  quality  of  an  A  Ration  with  a  longer  shelf  life  and  with 
minimal  on-site  preparation  for  field  feeding  [24].  The  army  requireiients 
for  shelf -stable  rations  is  maintained  quality  for  three  years  at  80  °F/ 
27°C  (DoD  4145. 19-R  Storage  and  Materials  Handling,  Ch.5  Storage  of 
Special  Commodities,  Sect. 5  Subsistence,  1991).  A  MAP  food  has  the  fresh 
quality  of  an  A  Ration  and  requires  miniinum  on-site  preparation  but  does 
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not  fulfill  the  shelf  life  requironent.  The  shelf-life  of  a  perishable 
that  has  been  minimally  processed  and  packed  in  MAP  is  between  8  and  24 
weeks  at  refrigerated  tesiperatures  depending  on  the  food  category. 

2b.  STORAGE 

MAP  for  perishable  foods  is  not  a  substitute  for  proper 
refrigeration.  Storage  and  distribution  tenperatures  will  affect  the 
length  of  shelf-life  as  a  function  of  time  and  relates  to  storage 
stability.  A  difference  of  a  couple  of  degrees  in  torperature  over  time 
will  significantly  affect  the  storage  stability  [16].  Controls  on  storage 
teanperature  and  distribution  practices  are  inportant  for  quality. 
Tenperatiure  monitors  or  time  teiperature  indicators  (TTIs)  are  methods 
used  to  ensinre  indications  of  temperature  abuse  vAiether  from  excessive 
temperatures  or  storage  time  [30,  31]. 

2c.  BENEFITS/DRAWBACKS 

The  major  benefits  to  utilizing  a  MAP  product  are  those  of  enjoying  a 
hi^  quality  food,  viiich  has  not  been  overprocessed.  MAP  items  possess  a 
superior  quality,  namely  texture,  as  ccsrpared  to  an  overly  processed  or 
retorted  food  pr^uct.  MAP  products  require  very  little  preparation  time, 
sittply  heat  in  package  (duo-ovenable),  similar  to  the  Tray  Pack  ration  or 
remove  frati  package  and  heat.  Sane  packaging  systems  will  allow 
microwaving. 

In  regard  to  fresh  fruits  and  vegetables,  MAP  can  reduce  spoilage  and 
quality  loss  and  can  increase  the  percentage  and  quality  of  produce  that 
reaches  the  oonsxmer  [  17  ] .  MAP  can  ejpand  the  radius  of  distribution  by 

extending  the  quality  such  as  color,  moisture,  flavor  and  maturity 
retention  of  produce. 

In  the  commercial  sector  MAP  perishables  have  their  own  category 
called  a  'new  generation  chilled  food' .  Some  foods  packed  under  MAP  are 
shelf  stable  but  most  require  refrigeration.  This  presents  logistical 
challenges  for  storage  and  distribution  for  commercial  users  and, 
especially,  for  the  military.  VJhen  temperature  abuse  occurs,  there  may  be 
a  safety  risk  althou^  time  temperature  indicators  may  be  used  to  v/am 
against  health  hazards.  MAP  requires  quick  and  efficient  distribution 
vhile  iteintaining  refrigerated  temperatures  to  ensure  hi^  quality.  The 
microbial  status  of  a  MAP  product  is  dependent  on  the  starting 
ingredients,  handling  conditions,  storage  temperature  and  time,  and 
distribution  torperatxire  and  time. 

3.  METHODS  AND  PROCEDURES 

3a.  INTRODUCTION 

Since  there  is  no  imiversal  standard  for  safety  of  MAP  products,  we 
followed  oonnercial  practices  vhenever  possible  vhen  producing  a  MAP 
product.  The  shelf  stability  of  some  locally  purchased  MAP  products  were 
evaluated.  Several  esperiments  were  run  to  evaluate  all  aspects  of  MZ\P 
food.  Foods  such  as  boneless  chicken  breast,  haiiibiarger  patties,  and 
scrambled  eggs  were  tested  for  optimum  gas  mixture,  packaging  systems, 
shelf  life,  acceptability,  and  quality.  The  ejperimaits  run  were: 

-  Boneless  chicken  was  packaged  in  large  mason  jars  under  different 
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gas  mixtures  and  stored  at  refrigerated  teirperature  for  5  weeks  to  test  an 
in-house  developed  gas  delivery  systoon.  Shelf -life  quality  was  used  to 
test  optimum  gas  mixtiore  and  gas  ocnposition  was  tested  during  the  test 
period. 

-  Boneless  chicken  was  also  packaged  at  a  local  MAP  producer  to  test  a 
form-fill-seal  packaging  systen. 

-  Catimercial  MAP  products  with  time  toiperature  indicators  were  stored 
at  refrigerated  totperatiire  for  4  weeks  during  vMch  time  same  sanples 
were  subjected  to  terrperature  abuse  for  4  hours  at  70  or  100°F.  The 
indicators  were  evaluated  for  their  sensitivity  to  tenperatirre  abuse  and 
the  food  for  its  quality  during  the  testing  period. 

-  Hamburger  patties  were  packaged  in  trilaminated  foil  pouches  under 
different  premixed  gas  mixtures.  The  gas  volumes,  gas  ccnposition  and 
microbial  growth  were  evaluated  initially  and  after  4  weeks  storage  at 
refrigerated  teitperatures . 

-  Scrairbled  eggs  were  MAP  packaged  on  a  form-fill-sealing  machine 
using  a  thermoformed  packaging  system.  The  eggs  were  packed  under  a  test 
gas  mixture,  or  control  air,  stored  at  refrigerated  temperatures  for  6 
weeks.  Gas  and  microbial  analyses  were  run  during  the  testing  period. 

-  Scrambled  eggs  were  packaged  at  a  local  MAP  producer  and  were  tested 
for  gas  conposition  and  microbial  growth. 

Gas  OQtipositions  were  analyzed  by  gas  chrcmatography  and  Analysis  of 
Variance  (ANCVA)  statistical  analysis  was  calculated  with  probability 
levels  of  p<0.05  for  Trials  1,  2,  4,  5  and  6.  Microbiological  analysis 
was  also  run  using  standard  methods  of  the  Official  Methods  of  Analysis  of 
the  Association  of  Analytical  Chemist  (AQAC,  1990).  The  microbiological 
data  from  Trials  3  &  4  were  converted  to  log  values  and  ANOVA  was 
calculated  with  probability  levels  of  p<0.05.  Oxygen  transmission  rates 
of  packaging  materials  were  measured  using  a  MXX»J  (Minneapolis,  MN)  set 
at  1%  relative  humidity  and  70°F.  ANOVA  was  also  run  on  the  sensory 
scores  for  Trial  3  with  probability  levels  of  p<0.05.  Reflectance  data 
collected  in  Trial  3  were  statistically  analyzed  by  ANOVA  with  probability 
levels  of  p<0.05.  The  slope  and  correlation  coefficients  were  also 
calculated  from  the  reflectance  data. 

3b.  Trial  1  :  NATICK  MAP  CHICKEN 

Chicken  breasts  were  baked  and  packed  in  a  modified  atmosphere  for  the 
purpose  of  testing  oxir  in-house  procedures.  The  in-house  procedures 
include  gas  filling  ^paratus,  glass  mason  jars  with  modified  lids  used 
for  packaging,  and  anticipated  Hazard  Analysis  Critical  Control  Points. 

Raw,  boneless,  skinless,  chicken  breasts  were  washed  under  cool 
running  water  and  placed  onto  sterile  p^jer  towels  to  remove  excess 
water.  The  raw  chicken  breasts  were  then  placed  onto  paper-lined  sheet 
pans,  covered  with  foil  and  baked  (no  oil  or  spices)  at  350 °F  in  a 
convection  oven  for  20  minutes.  The  foil  was  removed  and  the  uncovered 
chicken  was  then  cooked  for  an  additional  10  minutes.  The  chicken  was 
ronoved  from  the  oven,  covered  with  foil  again  and  chilled  in  a  -20°F 
blast  freezer  for  20  minutes. 

Two  to  three  chicken  breasts  wei^iing  approximately  240-250  g  raw  and 
165  g  cooked  each  were  put  into  sterile  wide  mouth  quart  mason  jars  and 
capped.  The  lids  were  modified  with  two  silicone  sealed  rubber  septums  to 
allow  insertion  of  large  needles  for  vacuum,  flushing  and  injecting  gas 
mixtures.  In  total  75  jars  of  chicken  were  gas  injected  and  sealed. 
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Heavy  gauge  needles  3.7  and  15.3  an  long  were  epoxied  to  stainless  steel 
three-way  stop  cocks.  The  shorter  needles  were  used  for  vacuum  outlet  and 
the  longer  needles  were  used  for  injection  and  flushing  with  gas  mixture. 

The  gas  filling  apparatus  consisted  of  gas  tanks,  with  tubing 
connecting  to  the  following:  a  gas  blender,  control  valve,  inlet  septim 
needle,  container,  outlet  septum  needle,  vacuum  gauge,  control  valve,  and 
vacuum  puiip.  There  were  three  gas  tanks  containing  carbon  dioxide,  oxygen 
and  nitrogen  connected  by  ti±)ing  to  a  gas  blender,  vMch  could  be  adjusted 
to  regulate  any  gas  mixtxire  needed.  Initially  a  vacuum  was  pulled  for  30 
seconds  in  an  attorpt  to  achieve  0  atm.  A  gas  mixture  was  then  injected 
for  one  minute  followed  by  opening  the  outlet  septum  and  flushing  for  a 
full  three  minutes.  Five  different  gas  mixtures  were  tested:  Control  Air, 
Gas  1  (40%  /  2%  /  58%),  gas  2  (40%  /  5%  /  55%),  Gas  3  (40%  /  0%  /  60%), 
and  Gas  4  (60%  /  0%  /  40%)  of  carbon  dioxide,  oxygen  and  nitrogen, 
respectively.  Each  lid  was  dipped  into  melted  paraffin  for  extra  sealing 
precaution.  Chicken  samples  were  stored  at  refrigerated  tejiperatures  for 
6  weeks.  Gas  levels  were  monitored  throu^out  the  stucfy  ty  gas 
chromatography  analysis. 

Preliminary  tests  included  injecting  gas  mixtures  into  empty  jars  and 
analyzing  the  despatch  to  test  the  gas  filling  apparatus  and  the  integrity 
of  the  modified  glass  container  lids.  Gas  analysis  on  the  satples  was 
done  initially  and  then  on  a  weekly  basis  on  the  same  three  samples  for 
each  gas  variable. 

Microbiological  analysis  was  conducted  on  the  raw,  cooked  initial,  and 
MAP  packaged  samples  and  included  testing  for  aerobic  and  anaerobic 
microbes  and  for  Escherichia  coli  and  Salmonella.  Microanalysis  was 
conducted  weekly  for  as  long  as  the  MAP-packaged  samples  were  considered 
to  be  acceptable.  Sensory  evaluation  was  attempted  but  the  lag  time 
between  sample  withdrawal  and  microbiology  test  ccnpletion  made  it 
prohibitive  and  unreliable. 

3c.  Trial  2  :  TRIO'S  MAP  CHICKEN  (Trio's,  Chelsea,  MA) 

A  similar  chicken  test  was  conducted  at  Trio's,  a  local  MAP  producer 
of  pasta  and  sauce  products.  Chicken  breasts  were  prepared  and  handled  in 
the  same  manner  as  described  above,  but  the  chilled  chicken  was  then 
transported  on  ice  to  Trio's  to  be  packaged.  Trio's  packaged  13  cooked 
chicken  breasts  in  (40%/  0.5%/  60%),  7  chicken  breasts  in  (40%/  2.5%/ 

60%),  and  7  chicken  breasts  in  (40%/  0.35%/  60%)  carbon  dioxide,  oxygen 
and  nitrogen,  respectively.  They  were  packed  in  a  hi^  barrier  film 
(proprietary)  using  a  T.W.  Cutter  horizontal  form-fill-sealing  machine. 

They  were  then  stored  at  40°F  for  4  weeks. 

Microbiological  analysis  was  run  after  2  weeks  storage.  The  test 
included  aerobic  and  anaerobic  plate  counts,  Escherichia  coli  and 
Salmonella.  Gas  analysis  for  carbon  dioxide,  oxygen  and  nitrogen  was  done 
initially,  and  after  2,  3,  and  4  weeks  of  storage. 

3d.  Trial  3  :  EVALOATICair  OF  TIME  TEMPERATURE  INDICATORS  (TTIs)  AND 
CCMMERCIAL  MAP  ITEMS 

Coammercially  procured  MAP  chickar  and  lasagna  were  stored  at 
refrigerated  temperatures  with  Time  Taiperature  Indicators  (TTIs)  attached 
on  the  package  lids.  During  a  four  week  period  some  samples  were  ex^sed 
to  abusive  temperatures.  All  samples  were  tested  for  microbial  growth. 
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acceptance,  and  reflectance  change  of  indicator  labels. 

This  test  indicates  the  products'  sensitivity  to  the  ej^xjsure  of 
hi^er  toiperatures  for  relatively  short  periods  of  time.  This  test  will 
also  show  the  relationship  between  microbial  growth,  acceptance,  time  and 
torperature,  and  label  type  and  reflectance  over  an  uneventful  storage 
period. 

The  TTIs  are  self-adhesive  labels,  vMch  include  a  bar  code  and  a 
reflectance  area  (Fig.  2 ) .  The  bar  c^e  includes  a  10-digit 
identification  nuiriber  to  differentiate  each  label  and  to  aid  in 
product/container  itemization  followed  by  a  2-digit,  label  type  number. 

The  reflectance  area  is  a  terrperature  sensitive  stripe  between  two  outer 
reference  stripes.  The  teaiperature  sensitive  polymer  stripe  will  darken 
and  the  reflectance  will  decrease  at  a  predictable  rate  dependent  on  time 
and  tarperature  showing  the  cumulative  temperature  ej^sure.  Labels  are 
kept  at  -58  °F  until  needed  to  prevait  thermal  ejgosure.  The  reflectance 
data  can  be  read/measured  and  stored  with  a  hand-held  ccaiputerized 
scanning  device.  The  data  can  then  be  retrieved  1:^  conputer  using  Life 
Lines  Technology,  Inc.  data  collection  and  acquisition  software.  This 
software  is  part  of  a  monitoring  system  used  for  inventory  management, 
quality  control  and  shelf  life  evaluation  [30,  31]. 

Sensory  data  were  collected  by  a  small  group  of  in-house  experienced 
panelists.  The  group  was  briefly  trained  for  these  products  and 
instructions  for  future  testing  developed  (B-3a)  at  the  first  session. 

All  sessions  thereafter  consisted  of  a  rating  period  followed 
discussion.  The  sensory  panel  rated  ^pearance,  odor,  flavor,  texture  and 
overall  quality  on  a  9-point  quality  scale  (government  form  STSNL  Form 
964)  for  both  the  lasagna  and  chicken  (B-3b).  The  average  for  each 
attribute  was  used  for  statistical  ccnparison.  For  the  chicken  the  panel 
also  rated  characteristics  using  questions  extracted  from  techniques  used 
for  sensory  profiling  of  canned  boned  chicken  [  32  ] . 

Sixty-six  single  serve  packages  of  Tyson's  roasted  drumsticks  (3 
drums/pkg)  and  60  Deluca's  meat  lasagna  (9-10  oz  pkg)  were  procured  the 
case  at  the  local  grocery  store.  Both  were  packed  in  hi^  barrier  clear 
material,  the  chicken  was  vacuum  packed  and  the  lasagna  was  in  a 
thermoformed  container.  The  lasagna  had  a  "use  fresh  or  freeze  by  date  of 
25  days"  and  it  was  purchased  12  days  after  date  of  pack.  The  chicken  had 
a  code  date  of  19  days  and  it  was  purchased  4  days  after  date  of  pack. 

Three  label  types,  each  of  different  sensitivities,  were  used  for  this 
study,  (Life  Lines  Tedinology  Inc.  fresh  scan  indicator  labels  number  60, 
67,  and  76).  Relatively  sensitive  labels  were  chosen  for  this  stucfy  to 
pick  up  subtle  temperature  changes,  such  as  during  short  periods  of  hi^ 
teaiperature  esposure,  vMch  may  resxilt  in  significant  microbial  growth. 

All  three  label  types  were  attached  to  the  inside  of  each  case  and  onto 
twD  randcxnly  chosen  packages  within  eadi  case.  The  sanples  were  stored  in 
a  35 °F  refrigerated  box.  Six  initial  scannings  of  each  TTI  label  were 
read,  averaged  and  stored  as  a  baseline  for  comparison.  Control  sanples 
were  stored  in  the  freezer. 

Initial  microbial  and  sensory  analysis  were  also  run.  Microbial 
acceptability  was  required  prior  to  sensory  testing.  Microbial  analysis 
took  approximately  one  week  to  perform  leaving  no  alternative  but  to 
conduct  sensory  analysis  one  week  past  the  planned  withdrawal  evaluation 
date.  Microbial  analysis  was  done  by  standard  methods  here  at  Natick. 
Sanples  were  tested  for  aerobic  plate  count,  yeasts  and  molds,  and  pH. 
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Figure  2.  Time-Temperature  Indicator  label  and  the 
information  it  contains. 
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Following  1  week  of  storage,  randcxnly  diosen  sanples  were  reioved  from 
storage,  ejqxssed  to  tenperatures  of  70°  or  100°F  for  4  hours  and  then 
retiimed  to  refrigerated  storage:  the  tetiperature  ejposure  was  registered 
by  the  TTI.  Sensory  testing  was  done  on  the  control  group  (stored  at 
-10°F  for  1  week),  1  week  group  (sanple  held  at  35 ®F  for  1  week),  and  both 
abused  grovps  (sanple  stored  at  35 °F  for  1  week  then  ejposed  to  70°F  for  4 
hours,  and  sanple  stored  at  35°F  for  1  week  then  exposed  to  100°F  for  4 
hours).  Microbial  analysis  and  TTI  scanning  were  run  also  on  the  1  week 
and  both  abused  groi;ps. 

After  2  weeks  of  storage,  sensory  analysis  was  run  on  the  control 
group,  2-week  sanple,  and  both  abused  groups  vdiich  had  been  rechilled  for 
1  week.  Microbial  analysis  and  TTI  scanning  were  also  run  on  the  2  week 
and  both  abused  groups. 

After  3  weeks  of  storage,  TTI  scannings  were  run  on  the  sanples  stored 
at  refrigerated  tenperatures  for  3  weeks. 

After  4  weeks  of  storage,  sensory  analysis  was  run  (ajpearanc:e  and 
odor  only)  on  the  4-week  sanple,  and  both  abused  groups.  The  testing 
schedule  is  summari2ed  in  Table  B-3d. 

There  will  be  three  sets  of  data  for  the  TTI  scannings,  uneventful 
storage  for  3  weeks,  abused  at  70®F  group,  and  abused  at  100°F  group. 

3e.  Trial  4  :  NATICK  MAP  POUCH  HAMBURGERS 

Frozen  beef  patties  were  grilled,  chilled  and  sealed  in  trilandnated 
pouches  mder  control  air  and  six  test  gas  mixtures.  Microbial  and  gas 
analysis  as  well  as  gas  volinne  measurements  were  tested  on  random 
sanples.  This  test  was  done  to  test  the  efficiency  of  using  a  pouch 
packaging  system  for  MAP  hamburgers. 

Frozen  beef  patties  were  grilled  for  five  minutes  on  each  side  until 
the  center  reached  130  "F.  Hambinrgers  were  cooked  in  batcdies  of  12  at  a 
time.  Grill  was  wiped  clean  and  the  cooks  gloves  were  changed  between 
batches.  The  excess  grease  was  drained  and  hamburgers  patted  dry  using 
previously  sterile  paper  towels  and  aluminum  foil.  The  paper  towels  were 
roToved  and  the  cooked  beef  patties  covered  with  aluminum  foil  were  blast 
frozen  for  approximately  10  minutes.  They  were  then  removed  frcm  the 
freezer  into  a  refrigerator. 

All  precautions  were  taken  to  prevent  contamination.  Hair  nets, 
gloves,  masks,  and  lab  coats  were  worn  by  all  personnel  while  handling  the 
beef  patties.  Paper  towels,  alimunura  foil,  utensils,  plates,  sheet  pans, 
and  trilandnated  pouches  along  with  any  other  items  vhich  came  into 
contact  with  beef  patties  or  used  vhile  handling  the  beef  patties  were 
pre-sterilized  in  the  autoclave.  Foot-long  tubing  with  cotton  stuffed 
into  both  ends  along  with  filters  and  clanps  was  also  autoclaved  for 
sterilization  and  used  for  the  gas  connections  between  gas  cylinders  and  a 
pouch  sealing  machine.  Gas  mixtures  were  purchased  as  premixed  tanks  and 
the  sterile  tubing  was  changed  for  each  gas  mixture.  The  gas  mixtures 
tested  were  gas  1  (25%  /  0%  /  75%),  gas  2  (75%  /  0%  /  25%),  gas  3  (73%  / 

2%  /  25%),  gas  4  (70%  /  5%  /  25%),  gas  5  (25%  /  2%  /  73%),  gas  6  (97%  /  3% 
/  0%)  of  carbon  dioxide,  oxygen,  and  nitrogen,  respectively,  and  control 
air.  The  pouch  sealing  machine  pulled  a  vacuum,  then  injected  and  flushed 
a  pronixed  modified  atmosphere  vhile  sealing  beef  patty  in  a  trilaminate 
pouch.  The  Reiser  pouch  sealer  was  previously  tested  for  gas  filling 
settings,  such  as  vacwm,  flush  and  sealing  times.  A  few  eirpty  test 
pouches  were  filled  and  water  displacomait/package  volumes  were  tested  for 
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consistency.  The  pouch  sealer  was  set  to  pull  a  vacuum  for  6  seconds, 
fliish  for  10  seconds  and  seal  for  8.5  seconds. 

Hamburgers  were  reainoved  from  the  refrigerator,  placed  into  sterile 
pouches  and  sealed.  Hair  nets,  gloves,  masks,  and  lab  coats  were  worn  by 
all  personnel  vAiile  handling  the  beef  patties.  Gloves  were  changed 
between  gas  mixtures.  Packaged  saiiples  were  stored  at  40 °F  for  4  weeks. 

A  water  displacement  test  was  conducted  inmediately  following 
packaging  to  measure  gas  volume  on  randomly  chosen  saitples  for  each  gas 
mixtxire  tested.  The  water  displacement  apparatus  consisted  of  a  large 
container  with  a  side  spout.  A  heavy  block  with  a  sliding  wire  attached 
to  it,  vMch  has  a  pull  ring  at  one  end  and  a  clip  at  the  other,  was 
placed  into  the  container.  The  cell  was  filled  to  a  certain  level  with 
water  and  allowed  to  equilibrate  to  room  tetrperatiare  ovemi^t.  The 
sanple  pouch  was  clipped  to  the  wire  and  slowly  drawn  down  into  the 
water.  The  water  was  displaced  by  the  pouch  and  overflowed  throu^  the 
spout  into  a  graduated  cylinder  for  a  set  period  of  time,  between  3  and  5 
minutes.  The  water  volume  was  recorded,  pouch  removed,  container  refilled 
and  repeated  for  next  saitples.  Water  displacement  was  run  for  4  to  12 
random  saitples  from  each  gas  mixture  and  the  set  period  of  time  was  3 
minutes . 

Initial  microbiological  analysis  was  run  on  seven  random  raw  hamburger 
saiiples,  four  random  cooked  hamburger  saitples,  and  on  one  random  saitple 
for  each  gas  mixture  after  packaging.  Microbiological  analysis  was  run 
after  4  weeks  storage  at  refrigerated  temperatures  on  four  random  saiiples 
from  each  gas  mixture.  Microanalysis  included  aerobic  and  anaerobic  plate 
counts. 

Gas  analysis  was  run  initially  and  after  4  weeks  storage  on  two  random 
sanples  from  each  gas  mixture. 

3f .  Trial  5  :  NATICK  MAP  EGGS 

MAP  eggs  were  studied  to  evaluate  packaging  material  and  gas  changes 
within  that  material.  Cooked  scrambled  eggs  were  packed  in  different 
modified  atmospheres,  v^ch  were  analyzed  over  time.  Changes  in  gas 
mixture  are  dependent  on  the  gas  permeability  of  the  packaging  material 
and  interactions  with  the  packaged  food. 

Raw  whole  eggs  were  washed  by  dipping  into  100  ppm  Clorox  solution, 
agitated,  strained  and  then  dijped  into  clean  sterile  water.  Eggs  were 
removed  and  dried  on  sterile  paper  towels.  All  utensils  that  would  ccme 
into  contact  with  the  egg,  such  as  mixing  bowls,  vhip  attachment,  ladles, 
spoons,  paper  towels  and  parchment  paper  were  presterilized.  All  surfaces 
were  wiped  down  with  Clorox  (R)  solution  and  covered  with  sterile  peper 
prior  to  breaking  eggs.  All  personnel  wore  clean  lab  coats,  hair  nets, 
masks,  and  gloves  with  frequent  changing.  Eggs  were  individually  broken 
into  a  small  bowl  first  to  prevent  possible  contamination  of  the  batch. 
Shells  were  removed  with  a  sterile  spoon.  Eggs  were  then  dropped  into  a 
large  sterile  bowl  viiich  was  kept  covered.  The  eggs  were  scrambled  by 
beating  with  the  presterilized  vhip  attachment. 

One  cup  of  egg  was  ladled  into  small  loaf  pans.  These  premeasured 
individual  servings  of  eggs  would  help  limit  the  amount  of  handling  such 
as  cutting  to  uniform  wei^t  after  cooking  to  reduce  contamination.  They 
were  then  covered  with  foil  and  baked  in  a  convection  oven  at  325 °F  for  10 
minutes.  Immediately  after  baking  the  eggs  were  slipped  out  of  the  loaf 
pans  onto  sheet  pans  with  parchment  paper,  covered  with  another  sheet  of 
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parchment  paper  and  chilled  for  25  minutes  in  a  blast  freezer. 

Each  preportioned  scrambled  egg  was  packaged  in  hi^  barrier  material 
using  a  Tircanat  horizontal  form  fill  sealing  (HFFS)  machine  (Fig.  3).  The 
HFFS  rollstock  packaging  machine  accomodates  a  thermoformable  bottom 
packaging  material,  which  is  thermoformed  on  line  using  a  plug  assist, 
heat  and  vacuum.  The  base  of  the  thermoforming  plate  was  modified  to 
iiipress  uniformly  spaced  indentations  to  increase  contact  of  gas  with 
packaged  food.  The  formed  package  is  moved  down  the  line  vAiere  it  is 
filled  and  after  vMch  is  coupled  with  the  lid  stock  material.  It  next 
moves  into  a  chamber  v^ere  it  is  vacuumed/flushed  with  the  gas  mixture  and 
then  sealed. 

Precautions  were  taken  to  assure  the  quality  of  the  packaging 
operation.  The  packaging  line  was  wiped  down  with  the  Clorox  solution, 
covered  with  saran  and  vMte  paper  to  reduce  dust  and  contaminates,  etc., 
prior  to  packaging.  Micro  plates  were  run  throu^  the  packaging  line  and 
sealing  chamber  simulating  the  normal  packaging  procedure  to  check  the 
line  for  contamination.  Packaging  trials  were  run  to  make  control 
adjustments,  such  as  thermoforming  toftperature,  depth  of  forming  plug, 
vacuum  dwell,  flushing  time  and  the  sealing  teaorperature.  Errpty  packages 
were  run  throu^  the  packager  and  the  gas  mixtures  analyzed  for  accuracy 
of  delivery. 

The  hi^  barrier  packaging  material  used  was  mamrE actured  by  Curwood 
of  Wisconsin.  The  bottom  material  was  a  semirigid  thermoformable  clear 
packaging  film  called  Curform  (R)  grade  7748.  It  is  a  multilayered 
coitposite  film  of  vMch  the  outer  layer  is  17  mil  of  polyester  or  PET,  a 
thin  polyvinyldichloride  or  PVDC  core  layer  and  2  mil  of  polyethylene  or 
PE  sealant  as  the  inner  layer  for  a  total  thickness  of  19  mil.  It  has 
excellent  oxygen  barrier  properties  [less  than  (1.0  cc/100  sq  in)/24  h  @ 
73°F  and  0%  RH]  and  good  water  barrier  properties  [less  than  (0.2  g 
water/100  sq  in)/24  h  @  100®F  and  90%  RH] .  The  top  material  or  the  lid 
stock  was  a  flej^le  nonforming  clear  anti-fog  web  called  Curiam  (R)  grade 
8057-K  composed  of  50  gauge  polyester  on  the  outside,  PVDC  adhesive  in  the 
middle  and  3  mil  of  anti-fog  poly  on  the  inside  giving  it  a  thickness  of 
3 . 6  mil .  This  packaging  material  has  excelloit  ojq^gen  barrier  properties 
[between  (0.5-0. 8  cc/100  sq  in)/24  h  @  73°F  and  0%  RH].  It  also  has  good 
water  barrier  properties  [less  than  (0.3  g  water/100  sq  in)/24  h  @  100°F 
and  90%  RH] .  The  packaging  materials  were  tested  in  house  against  similar 
packaging  material  for  osq^gen  transmission  rate  and  thickness. 

The  bottom  film  was  thermoformed  into  a  container  with  the  dimensions 
5  1/8"  X  10"  X  1  3/4"  into  vMch  the  preportioned  egg  was  packaged  and 
vacuum/gas  flushed  with  two  gas  mixtures,  one  (25%  carbon  dioxide,  75% 
nitro^n)  and  two  was  air  control.  The  egg  portions  were  transported  to 
the  packaging  room  in  a  seanifrozen  state.  The  eggs  were  covered  at  all 
times.  The  researchers  wore  gloves,  masks  and  hats  at  all  times  vdiile 
transporting  and  packaging  eggs.  Althou^  the  packaging  room  was  not  a 
designated  sanitary  area,  all  precautions  were  taken  to  minimize  possible 
sources  of  contamination  by  following  HACCP  guidelines.  Eggs  were 
cartoned,  labeled  and  stored  at  40°F  for  6  weeks.  Initial  gas  analysis 
was  run  on  two  samples  each  for  the  control  air,  test  mixture  and  empty 
gas  filled  sample.  Initial  microbiology  was  run  on  the  raw  shelled  egg, 
and  on  two  samples  each  for  the  control  air  and  the  test  mixture.  The 
cooked,  packaged  egg  was  also  tested  for  chomical  composition. 

Samples  were  withdrawn  once  a  week  over  the  six  week  period  for  gas 
analysis  and  microbiological  analysis.  Gas  analysis  was  tracked  over  time 
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Figure  3.  Basic  parts  of  the  form/fill/sealing 
packaging  equipment  used  to  package  the  MAP 
eggs. 
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on  held  saitples  (gas  analysis  was  run  on  the  same  sanple  at  eadi 
withdrawal)  and  on  randcanly  chosen  sanples  at  each  withdrawal  for  both 
control  and  test  gas  mixture.  Microbiological  analysis  and  pH  were 
conducted  on  randomly  chosen  sanples,  two  each  for  the  control  air  and 
test  mixture  at  each  withdrawal.  After  3  weeks  storage,  random  sanples  of 
gas  filled,  control  air  filled,  and  a  control  fresh  cooked  eggs  were 
tasted  for  soisory  analysis. 

3g.  Trial  6  :  DELUOi'S  MRP  EGGS  (Deluca's,  Derby,  Connecticut) 

Having  tested  the  MAP  eggs  in-house  the  next  step  was  to  test 
production  at  a  MAP  manufacturer.  A  local  MAP  manufacturer  was  contracted 
to  produce  MAP-^cked  eggs  on  an  ejperimental  basis.  This  was  done 
because  the  facilities  available  at  Natick  were  not  set  up  to  produce  a 
microbial-sensitive  product  such  as  MAP.  There  was  also  a  need  to 
establish  a  process  protocol  for  MAP  production  of  egg.  Deluca's  (Derl^, 
CT)  was  contracted  because  they  have  a  very  diverse  MAP  production  line 
and  they  are  also  local  to  New  England. 

Deluca's  was  contracted  to  provide  services  vhich  included  purchase 
of  ingredients,  gas  nuxtures,  labor,  reoammendations,  additional  supplies 
for  production  of  a  specified  quantity  of  MAP  packed  scrambled  eggs,  and 
shipment  of  final  product  to  Natick.  The  test  included  packing  32  each 
multiportion  trays  of  eggs  under  three  test  gases  and  control  air  giving  a 
total  of  128  packages.  Also  78  each  single-serve  trays  were  to  be  packed 
under  three  test  gases  and  a  control  air  for  a  total  of  312  packages.  The 
agreement  also  included  that  a  rcxan  be  designated  for  the  test  and  to  run 
surfaco  sanitation  tests  prior  to  testing.  They  opted  to  run  the  test 
over  the  weekend  to  fulfill  the  location  requirement. 

We  visited  the  plant  to  observe  their  operation.  The  ingredients, 
supplies,  gas  mixtures,  test  day  and  production  procedures  were  also 
decided.  Preliminary  cooking  tests  were  run  both  at  Natick  and  Deluca's 
to  determine  the  volume  of  egg,  pan  size,  cxoking  time  and  teaofperature  for 
both  a  single-serve  and  the  multiserve  eggs.  It  was  decided  to  use  frozen 
pasteurized  eggs,  vhich  come  in  5-gallon  drums  and  are  prescxambled.  The 
plant  had  two  convection  ovens  with  settings  for  hot,  hot  steam  and 
steam.  The  packaging  equipment  was  located  in  the  clean  rcxxn  and 
connected  to  the  chill/freezer  rocm.  The  multiserve  eggs  were  cxoked  in  a 
large  disposable  aluminum  pan  and  gas  flushed  in  microwaveable  bag  or  a 
'boil-in-a^>ag'  with  an  ojqrgen  transmission  rate  of  (3.3  cc/sq  m)/24  h  for 
easy  preparation.  The  single  serve  eggs  were  cooked  and  chilled  in  a 
small  aluminimi  pan  then  transferred  and  packaged  in  clear  thermoformed 
containers.  The  bottom  thermoforming  material  used  was  a  polypropylene 
with  an  EVOH  barrier  with  water  transmission  rate  of  (0.2  g/100  sq  in)/24 
h  at  95 °F/  90%  RH,  and  an  ojq^gen  transmission  rate  of  (0.34  cc/100  sq 
in)/24  h  at  74°F.  The  lid  film  was  a  ocnposite  nylon  with  a  barrier  layer 
and  polypropylene,  a  water  vapor  transmission  rate  of  (0.18  g/100  sq 
in)/24  h  and  an  ojqrgen  transmission  rate  of  (0.03  cc/100  sq  in)/24  h. 

Plain  scrambled  eggs  with  no  water  or  spices  acided  were  cooked  in  a 
convection  oven  for  20  minutes  at  325°F  and  chilled  for  30  minutes  until 
the  tatperature  reached  35-40 °F.  The  test  gases  were  purchased  as 
premixed  gases.  The  eggs  were  packaged  under  Gas  1  (control  air),  (3as  2 
(40%  carbon  dioxide/  60%  nitrogen).  Gas  3  (40%  carbon  dioxide/  10%  oxygen/ 
50%  nitrogen),  and  (3as  4  (25%  carbon  dioxide/  75%  nitrogen).  Due  to  the 
hi^  level  of  activity  cJuring  normal  working  hours  the  tests  were  run  on  a 
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weekend.  This  schedule  would  also  reduce  amount  of  possible 
contamination . 

The  frozen  eggs  started  to  defrost  in  the  refrigerator  approximately 
three  days  prior  to  the  test.  The  multiserve  eggs  were  processed  first. 
The  semifrozen  eggs  were  duitped  into  a  large  sanitary  bowl  and  mixed  with 
sanitary  utensils.  Samples  for  microbial  analysis  were  taken  from  each 
container  of  raw  eggs  and  stored  in  the  freezer  in  sterile  ba^.  We  test 
cooked  the  multiserve  eggs  to  determine  the  best  cooking  teitperature,  time 
and  mode  for  the  convection/steam  ovens.  Twenty  ei^t  oz  of  egg  were 
ladled  into  10.5"  x  8"  disposable  aluminum  pans  and  placed  into  a  shelving 
unit  ^lich  rolled  directly  into  the  oven.  Four  trays  on  each  of  seven 
shelves  covered  li^tly  with  an  alxmdnum  lid  were  cooked  at  220°F  with 
full  steam,  the  lids  removed  and  cooked  for  an  additional  5  minutes  on  dry 
heat.  Four  batches  were  run.  The  vhole  shelving  unit  was  rolled  into  the 
blast  chiller  until  the  eggs  reached  40 °F  or  less.  Egg  sanples  were  taken 
and  frozen  just  prior  to  packaging  for  microbiological  analysis.  The 
vhole  shelving  unit  was  rolled  into  the  adjoining  clean  room  for 
packaging.  Each  tray  was  placed  into  a  bag  and  vacuum  flushed  and  sealed 
on  a  vacuum  sealer.  Twenty-ei^t  trays  of  egg  for  each  test  gas  were  MAP 
packed,  boxed,  labeled,  stored  at  refrigerated  temperature  and  shipped  to 
Natick.  Samples  frozen  for  gas  analysis  along  with  the  frozen  micro 
sanples  were  also  shipped. 

The  single-serve  egg  production  was  postponed  for  seven  days  mtil  the 
following  Saturday.  Itofrozen  pasteurized  prescramibled  eggs  with  citric 
acid  added  as  a  preservative  were  purchased  during  this  time  for  single 
serve  eggs  production.  The  liquid  egg  was  poured  into  sterile  bowls  for 
evaluation.  A  sample  was  taken  frcati  each  container  of  raw  egg  and  frozen 
for  microbiological  analysis.  A  volxmne  dispenser  was  used  to  dispense  8 
oz  of  egg  into  a  4.5"  X  3.5"  disposable  aluminum  pan.  The  pans  were 
stacked  onto  the  rolling  shelving  unit.  Fourteen  pans  on  each  of  seven 
shelves  were  covered  li^tly  with  foil  and  cooked  at  220°F  on  ccmbination 
dry  heat/steam  for  20  minutes,  and  for  an  additional  5  miinutes  uncovered. 
Four  batches  were  run.  The  eggs  were  rolled  into  the  blast/chiller  for 
approximately  30  miinutes.  Egg  samples  were  taken  and  frozen  just  prior  to 
packaging  for  microbiological  analysis.  Eggs  were  rolled  into  the  clean 
room  for  packaging  on  the  form/fill/sealing  unit  similar  to  one  used  for 
the  in-house  eggs  described  above.  The  egg  blocks  were  transferred  from 
aluminum  pan  to  the  thermoformed  container  and  sealed  \inder  control  air 
and  the  same  four  test  gas  mixtures  used  for  the  multiserve  eggs. 

Alternating  gas  mixtures  with  and  without  oxygen  allowed  for 
indication  of  complete  flushing  of  gas  throu^  packaging  equipnnait  by 
oxygen  analysis  between  each  test  gas.  Equipment  settings  for  vacuum  time 
were  5  seconds  at  92  psi  to  2  millibars  and  gas  flush  time  was  2.5 
seconds.  Ninety  pens  of  egg  for  each  test  gas  were  MAP  packed,  boxed, 
labeled,  stored  at  refrigerated  temperature  and  shipped  to  Natick. 

Samples  frozen  for  gas  analysis  along  with  the  frozen  micro  samples  were 
shipped  also. 

The  initial  analyses  were  not  run  until  approximately  one  week  after 
the  day  of  production.  Microbiological  analyses  were  run  on  frozen  raw, 
cooked  prior  to  packaging  and  initial  MAP  packed  samples  from  each  gas 
mixture  for  single-serve  eggs  and  again  after  2  months.  Gas  analyses  were 
run  on  initial  samples  and  again  after  4  weeks  from  each  gas  mixture  for 
the  single-serve  eggs. 
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4.  RESULTS  AND  DISCUSSION 


4a.  Trial  1  :  NATICK  MAP  CHICKEN 

The  most  significant  observation  made  during  this  stucfy  was  that  there 
was  very  little  change  in  the  gas  mixtures  over  time.  The  data  and  a 
graph  showing  this  stability  can  be  found  in  Figs.  A-la. .  .le  and  Table 
B-1.  Statistically  there  were  no  significant  differences  in  the 
ccmposition  of  Gas  2  (40%  carbon  dioxide/  5%  oxygen/  55%  nitrogen)  and 
Gas  4  (60%  carbon  dioxide/  40%  nitrogen)  over  the  5-week  period.  There 
were  some  significant  differences  found  between  earlier  weeks  and  later 
weeks  for  Gas  3  (40%  carbon  dioxide/  60%  nitrogen)  but  there  were  no 
trends.  There  were  significant  differences  found  over  time  for  both  Gas  1 
(40%  carbon  dioxide/  2%  oxygen/  58%  nitrogen)  and  the  Air  Control.  An 
increasing  trend  was  seen  for  carbon  dioxide  (from  24%  initially  to  26% 
after  5  weeks  for  Gas  1  and  from  0.93  initially  to  8.6  after  5  weeks  for 
air  control)  and  a  decreasing  trend  was  seen  for  oxygen  from  2.97 
initially  to  0.13  after  5  weeks  for  Gas  1  and  from  17.67  initially  to  1.2 
after  5  weeks  for  air  control.  There  was  also  an  increasing  trend  seen 
for  nitrogen  in  the  air  control. 

Althou^  there  were  statistically  significant  differences  seen  for 
sane  of  these  groups,  the  gas  coirposition  is  considered  to  be  quite  static 
except  for  the  control.  This  result  shows  that  the  hi^  barrier  jars  with 
their  modified  lids  were  airti^t.  The  lower  carbon  dioxide  levels  may  be 
due  to  initial  carbon  dioxide  absorption  by  the  chicken.  The  low  levels 
also  show  that  after  initial  absorption  cooked  meat  such  as  chicken  does 
not  interact  with  the  gaseous  environment  within  a  hi^  barrier  jar, 
leaving  the  gas  mixture  virtually  unchanged  during  cold  storage. 

Hi^  levels  of  contamination  were  found  after  1  week  storage.  Levels 
ranging  from  2.5  to  >18  million  colony  forming  imits  (CFU)/g  of  saitple  for 
aerobic  plate  counts  were  fomd  and  between  6,500  to  201,000  million  CFU/g 
of  sample  and  TNTC  (too  numerous  to  count)  for  anaerobic  growth  vhich  were 
considered  to  be  microbiologically  unacceptable,  with  the  exception  of  Gas 
4  (60%  carbon  dioxide/  40%  nitrogen)  vhich  had  relatively  low  levels  of 
contamination  only  135  aerobic  and  1,700  anaerobic  plate  counts. 
Microbiological  analysis  was  run  after  2  weeks  storage  but  was 
discontinued  after  that  due  to  very  hi^  coimts  found  in  all  sanples. 
Escherichia  coli  and  Salmonella  were  both  found  to  be  negative  during  the 
microbiological  testing  period.  Because  there  are  no  existing  standards 
for  MAP,  microbial  limits  are  based  on  the  initial  microbial  count,  vhich 
should  be  <10  million  CFU/g  of  sample.  If  there  is  any  consistent 
microbial  growth  found,  then  the  product  is  considered  to  have  failed. 

Hi^  levels  of  contamination  may  be  due  to  difficulty  encountered  vhen 
injecting  gas  mixtures .  Gas  filling  was  found  to  be  lengthy  and  tedious . 
The  gas  filling  operation  took  approximately  5  minutes  per  jar  and  was 
conducted  in  a  lab  with  no  refrigeration.  Althou^  the  chickai  were 
sealed  in  the  glass  jars  and  the  needles  were  replaced  periodically  for 
safety  reasons,  this  may  have  presented  an  opportimity  for  contamination. 
These  conditions  may  have  contributed  to  the  contamination  problem.  The 
gas  filling  procedure  was  found  to  be  quite  consistent,  althou^  it  did 
not  deliver  the  intended  proportion  of  gases  and  is  also  very  impractical 
due  to  time  limitations.  The  airti^t  jars  were  found  to  be  very  useful 
in  showing  interactions  between  the  food  and  its  gas  atmosphere.  Since  it 
was  not  certain  vhere  the  contamination  came  from  and  there  was  no  HACCP 
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in  place,  it  can  be  assumed  that  much  stricter  controls  are  needed  for  a 

product. 

4b.  Trial  2  :  TRIO'S  MAP  CHICKEN  (Trio's,  Chelsea,  MA) 

Similar  to  the  in-house  diicken  stu(^  described  above  the  gas  mixtures 
ranained  quite  stable  during  the  testing  period  (Figs.  A-2a. .  .2c  and  Table 
B-2a) .  The  gas  mixtiores  were  however  found  to  be  between  50-60%  lower  for 
carbon  dioxide,  50%  lower  for  oxygen  and  33-40%  hi^er  for  nitrogen  than 
vdiat  was  injected  at  packaging.  The  first  gas  analysis  was  not  run  on 
these  sanples  mtil  two  weeks  after  packaging  due  to  circumstances  beyond 
our  control  and  there  may  have  been  a  change  in  the  gas  mixture  during 
that  tijne.  It  is  hi^ly  unlikely  that  these  drastic  changes  were  due  to 
gas  absorption,  vAiich  can  cause  a  decrease  in  gas  volume  and  gas 
conoposition  shortly  after  packaging;  however,  the  changes  may  be  due  to 
inaccurate  gas  injection.  The  use  of  a  hi^  barrier  forming  material 
prevents  any  gas  exchange  between  the  outside  atmosphere  and  the  gas 
mixture  within  the  package. 

There  were  hi^  levels  of  aerobic  and  anaerobic  growth  found  after 
only  2  weeks  of  refrigerated  storage.  No  growth  was  found  for  both 
Escherichia  coli  and  Salmonella  (Table  B-2b) .  It  was  thou^t  to  be  the 
excessive  handling  of  the  product  after  cooking  and  prior  to  packaging 
that  caused  the  hi^  contamination.  These  chilled  products  are  hi^ly 
sensitive  to  contamination  when  dealing  with  nonsterile  conditions  and 
there  is  a  great  need  to  establish  scxtie  Hazard  Analysis  Critical  Control 
Point  program  elements  in  the  processing  procedure  to  minimize  the 
microbiological  problems  encountered  so  far. 

4c.  Trial  3  :  EVALUATION  OF  TIME  TEMPERATURE  INDICATORS  (TTIS)  AND 
CCMMERCIAL  MAP  ITEMS 

The  sensory  data  were  analyzed  statistically  for  significant 
differences.  For  both  chicken  and  lasagna  there  were  no  significant 
differences  over  the  sensory  testing  period  for  odor,  flavor,  texture  and 
overall.  There  were,  however,  significant  differences  found  between  the 
Week  1  and  Week  2  appearance  ratings  for  chicken  and  lasagna.  The 
individual  appearance  ratings  for  chicken  ranged  between  7.0  and  5.5 
during  the  stucty.  The  individual  appearance  ratings  for  lasagna  ranged 
between  7.0  and  5.6  during  the  study.  Averages  of  six  ratings  were  used 
for  statistical  analysis  and  are  tabulated  in  Table  B-3d.  Sensory  ratings 
using  the  line  scale  for  chicken  showed  a  large  variation  in  individual 
ratings  but  v^en  the  ratings  were  averaged  showed  no  extremes.  There  was 
a  very  sli^t  trend  towards  the  unacceptable  range  over  time. 

The  microbial  data  averages  were  converted  to  their  log  values.  An 
average  of  three  measurements  were  used  for  the  statistical  analysis.  In 
addition,  the  microbiology  lab  reports  an  average  of  two  repetitions. 

There  were  no  statistical  differences  between  the  time  periods  tested  for 
microbial  growth  in  the  chicken.  Althou^  there  was  one  lOO^F  saitple  out 
of  three  vAiich  had  a  hi^  aerobic  plate  count  of  85  million  CFU/g  after  2 
weeks  storage,  the  average  plate  comt  ranged  from  0  to  30  for  the 
others.  This  may  have  been  the  1  in  a  million  viiich  slipped  by  the  HACCP 
procedures  or  quality  control  at  the  chicken  processing  plant,  to  vfeLch 
inprovanent  may  be  needed. 

The  lasagna  microbial  data  showed  significant  differences  between 
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oontrol/1  week  saitples  and  the  1  week  abuse  100°F/2  week  saitples. 

Microbial  growth  was  noted  soon  after  the  abuse  period  and  randcanly 
increased  to  unacceptable  levels  following  that  period.  The  data  used  for 
statistical  analysis  can  be  foimd  in  Table  B-3e.  The  microbial  data  were 
found  to  be  quite  random  and  we  were  not  able  to  draw  any  conclusions. 
Yeast  and  mold  comts  remained  at  <10  CFU/g  of  sanple  throu^out  the 
stucfy.  The  pH  ranged  between  5.75  to  6.7  for  the  chicken  and  ranged 
between  5.09  to  5.67  for  the  lasagna.  Table  B-3f. 

Averages  of  six  TTI  scans  for  each  label  were  collected  fron  4  to  7 
labels  in  each  gro\:p.  The  averaged  reflectance  data  for  chicken  and 
lasagna  with  no  abuse,  abuse  at  70  and  100°F  can  be  found  in  Tables 
B-3g. ..3i.  The  time  temperature  indicator  data  show  a  consistent  decrease 
in  the  reflectance  reading  for  all  label  types  over  time  for  the  no  abuse 
groi:ps  for  chicken  and  lasagna.  All  TTI  averaged  data  were  significantly 
different  from  one  another  and  vhen  graphed  show  a  relatively  strai^t 
declining  line.  (The  slopes  for  the  no  abuse  lasagna  data  were  -13.98, 
-20.99,  and  -25  for  label  #60,  #67,  and  #76,  respectively.)  The  slope 
data  can  be  seen  in  Table  B-3j. 

The  different  labels  are  formulated  to  react  to  time  and  tenperature 
at  different  kinetics  or  rates  of  speeds.  The  label  that  is  least 
sensitive  to  time  and  temperature  is  #60.  This  can  be  seen  by  its  larger 
slope  and  the  initial  reflectance  ranges  of  90/100  that  decrease  to  around 
50  after  3  weeks  at  35  °F.  The  most  sensitive  label  is  #67  if  looking  at 
the  average  reflectance  or  label  #76  if  considering  the  slope.  Label  #67 
starts  at  a  reflective  range  of  60/70  and  decreases  to  50  after  only  1 
week  and  reaches  the  0  range  after  3  weeks.  On  the  other  hand  label  #76 
starts  at  70/80  and  decreases  to  the  50  range  after  2  weeks  and  reaches 
the  0  range  after  3  weeks.  It  is  apparent  that  there  is  a  difference  in 
the  rates  at  vMch  the  label  reflectance  ^proaches  0.  This  is  shown  in 
graphical  form  for  lasagna  in  Figs.  A-3a. ..3c.  The  difference  in  the 
starting  ranges  can  be  attributed  to  its  sensitivity  to  the  drastic  change 
frcxn  deep  freeze  to  rocm  tenperature  during  the  time  it  took  to  attach 
labels  to  sanples  and  the  initial  reflectance  reading.  Similar,  steadily 
decreasing  reflectance  readings  are  found  over  time  for  the  chicken  and 
lasagna  stored  70°F  abuse  group;  hov^ver,  there  was  no  significant 
difference  found  between  the  1  week  samples  and  the  sanples  that  were 
abused  that  very  same  day  for  4  hours  at  TO^F  with  the  exception  of  label 
#76  for  lasagna.  The  stored  100°F  abused  group  reflectance  reading 
steadily  decreases  and  all  are  significantly  different  over  time  including 
1  week  sanples  and  the  sanples  that  were  abused  for  4  hours  at  100°F.  It 
is  desirable  to  see  a  difference  between  these  two  variables,  vhich  in 
effect  shows  a  sufficient  change  in  the  reflectance  to  warn  that 
tenperature  abuse  has  occurred.  The  slopes  for  the  70®F  abuse  lasagna 
data  were  -13.56,  -14.8,  and  -17.8  for  label  #60,  #67,  #76,  respectively. 
The  slopes  for  the  100°F  abuse  lasagna  data  were  -15.55,  -15.75,  and 
-21.08  for  label  #60,  #67,  and  #76  respectively.  The  slopes  indicate  that 
the  most  sensitive  label  to  abuse  is  label  #76.  The  correlation 
ooefficioits  for  the  slopes  were  all  very  hi^  and  are  listed  with  the 
slopes  in  Table  B-3k. 

The  drastic  differences  in  microbial  growth  between  the  chicken  and 
the  lasagna  make  it  difficult  to  ccmpare  microbial  growth  with  reflectance 
data.  After  2  weeks  storage  the  lasagna  showed  consistent  indications  of 
microbial  growth  vhile  the  chicken  showed  hi^  growth  in  one  out  of  6 
plates.  We  must  consider  the  worst  and  say  that  products  with  potential 
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for  significant  bacterial  growth  such  as  the  lasagna  inay  be  typical  of  a 
commercial  MAP  item. 

Label  #60  is  appropriate  for  a  nonabuse  situation  or  as  an  esqpiration 
indicator  after  4  weeks  for  a  MAP  item  such  as  the  chicken,  assuming  that 
one-time  growth  was  a  fl\ike.  None  of  the  labels  with  the  exception  of 
label  #76,  for  lasagna  only,  was  sensitive  enou^  to  indicate  an  abuse  for 
4  hours  at  70°F.  Label  #60  indicated  sli^tly  for  the  100°F  abuse,  label 
#67  showed  a  range  of  reflectance  after  the  100  °F  abuse  and  label  #76 
showed  the  most  definite  change  after  abuse  at  100°F.  It  is  quite 
noticeable  that  there  is  a  difference  between  the  chicken  and  lasagna 
label  #76  reflectance  in  the  abuse  groups.  This  may  be  due  to  the 
different  packaging  types.  The  lasagna  was  packaged  in  a  hi^-barrier 
semi-rigid  thermoformed  container  within  a  cardboard  carton  and  the 
chicken  was  packaged  in  flexible,  hi^-h)arrier  vacuum  sealed  packaging. 
Abuse  for  4  hoxars  may  not  have  been  svifficient  to  parallel  real  life 
situations . 

4d.  Trial  4  :  NATICK  MAP  POUCH  HAMBURGERS 

Althou^  a  preliminary  test  for  gas  volume  showed  a  consistent  gas 
fill,  there  were,  however,  large  variations  in  the  gas  fill  for  sanples 
prepared  for  this  study  (Fig.  A-4a  and  Table  B-4a) .  The  water 
displacanent  data  show  a  large  difference  in  gas  volume  in  pouches  within 
groi;ips.  The  greatest  difference  found  within  a  group  was  606  cc.  There 
were  very  hi^  differences  found  in  fo\ir  of  the  ei^t  groups.  These 
differences  were  due  to  faulty  pouch  sealing  equiponent.  The  pouch  sealing 
equipment  was  delivering  hi^ily  variable  gas  volumes.  Since  the  volimie 
differences  were  xmexpected,  the  water  displacement  test  procedures  were 
modified  sli^tly  in  an  atteupt  to  get  more  consistent  results. 

Increasing  the  waiting  period  increases  the  accuracy  of  the  water 
displacament  test.  The  waiting  period  was  increased  frcro  3  minutes  to  5 
minutes  and  then  again  to  10  minutes  because  it  was  uncertain  as  to 
vhether  it  was  the  gas  volume  or  the  water  displacement  test  method  that 
was  inconsistent. 

Gas  analysis  results  for  Week  0  and  Week  4  sanples  were  oonpared.  The 
data  show  no  drastic  changes  in  gas  ccatposition  after  four  weeks  of 
refrigerated  storage.  Statistically,  however,  the  percent  ojqrgen  in  gas 
mixtures  3,  4  and  6  were  found  to  be  significantly  different,  with  a 
decreasing  trend  from  Week  0  to  Week  4  (Figs.  A-4b. .  .4c  and  Table  B-4b) . 

Gas  analysis  also  showed  that  gas  expositions  were  different  than  vhat 
was  injected  but  the  difference  was  relatively  small  and  like  sanples  were 
consistent.  It  spears  that  the  varying  gas  volumes  between  sanples  had 
no  effect  on  the  gas  oonpositions  initially  or  over  time. 

Microbiological  analysis  run  on  the  raw  sanples  varied  greatly  between 
containers  but  all  were  within  acceptable  ranges.  Aerobic  plate  counts 
for  raw  sanples  ranged  between  3,950  -  111,000  CFU/g  of  sample.  Cooked 
sanples  all  contained  aerobic  and  anaerobic  plate  counts  of  <10  CFU/g  of 
sample  (Table  B-4c) .  The  Week  0  gas-packed  sanples  contained  aerobic 
plate  coimts  of  <10  CFU/g  of  sanples  and  they  were  all  found  to  be 
acceptable  (Table  B-4c) .  There  was  mold  growth  as  well  as  microbial 
growth  foxmd  in  the  control  air  sample  after  four  weeks  storage  at 
refrigerated  teitperatures .  There  was  no  anaerobic  plate  growth  in  sanples 
packed  under  Gas  1,  3,  and  6  after  four  weeks  storage.  There  was  very 
little  aerobic  plate  growth  in  Gas  3  sanples.  There  were  significant 
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anaerobic  plate  growth  and  <10  CFU/g  found  in  saitples  packed  under  Gas  2, 

4  and  5.  There  were  also  plates  with  significant  aerobic  plate  growth  and 
<10  CFU/g  found  in  sanples  packed  under  Gas  4  and  5.  It  is  difficult  to 
draw  any  conclusions  from  these  data. 

4e.  Trial  5  :  NATICK  MAP  EGGS 

Initial  gas  analysis  run  on  the  in-house  MAP  eggs  shows  that  the  gas 
exposition  delivered  by  the  packaging  equipnient  was  sli^tly  off  but  very 
consistent  from  sanple  to  sanple.  The  test  gas  ndxture  injected  was  25% 
carbon  dioxide/  75%  nitrogen  and  the  average  resulting  gas  ccarpositions 
was  19.35%  carbon  dioxide/  0.6%  oxygen/  80.05%  nitrogen.  The  control  air 
sanples  tested  similar  to  atmospheric  air.  Gas  analysis  was  run  weekly  on 
randan  and  held  sanples  for  both  the  control  and  the  test  gas  sanples 
throu^out  the  stucty.  The  data  show  interaction  between  gas  atmosphere 
and  the  food  or  exchanges  with  atmospheric  air  (Figs.  A-5a. .  .5d  and  Table 
B-5a) .  The  data  show  very  weak  trends  towards  decreasing  carbon  dioxide 
and  weak  trends  towards  increasing  nitrogen  for  both  held  and  randan  test 
gas  sanples  and  for  the  control  air  random  sanples.  There  were  also  weak 
trends  found  in  the  control  air  random  for  decreasing  oxygen  and  the  test 
gas  held  sanples  showed  sli^t  increasing  trend  for  oxygen.  The  gas 
mixtures  are  considered  to  be  very  static  because  the  initial  gas  analysis 
was  run  immediately  after  packaging  and  was  foimd  to  be  close  to  vhat  was 
injected.  Also  there  were  very  sli^t  changes  in  the  gas  exposition 
during  the  test  period,  althou^  there  were  significant  differences  found 
statistically. 

The  hi^  barrier,  semirigid  therraofomdng  packaging  material  was  found 
to  be  suitable  for  tiiis  study.  When  the  Curform  (R)  film  was  analyzed  for 
osQ^gen  transmission  rate  it  ranged  between  (3.78-3.89  cc/sq  m)/24  h  for 
the  top  film  and  (2.51  cc/sq  m)/24  h  for  the  therrooforming  botton  film 
(Table  B-5b) .  A  micrometer  was  used  to  measure  the  average  thicknesses, 
vihich  was  found  to  be  between  3.2  and  3.6  mil  for  the  lid  film  and  between 
20  and  20.7  mil  for  the  thernoformed  bottom.  The  spec  for  these  films 
quoted  3.6  mil  for  the  lid  and  19  mil  for  the  bottom. 

The  chemical  oonposition  of  an  egg  sanple  was  analyzed  and  included 
protein,  fat,  moisture,  and  ash  contents  along  with  pH  and  Aw,  shown  in 
Table  B-5c.  The  main  interest  was  for  moisture  and  fat  percentages.  A 
hi^  percentage  in  moisture  level  may  cause  a  syneresis  or  separation  of 
the  water  over  time.  A  hi^  percentage  in  the  fat  content  may  cause 
oxidation  vhen  packed  in  gas  mixtures  with  oxygen. 

The  control  air  sanples  were  analyzed  for  aerobic  microbes  and  the 
test  gas  sanples  were  analyzed  for  anaerobic  microbes  during  the  test 
period  (Table  B-5c) .  There  was  no  anaerobic  growth  beyond  10  CFU/g  of 
sanple  over  the  6-week  period  for  the  test  gas  sanples.  There  was, 
however,  aerobic  growth  seen  after  3^eeks  storage  for  the  control  air 
sanples  with  the  hipest  levels  seen  after  4  weeks  and  then  decreasing 
sli^tly  after  that.  All  sanples  were  analyzed  for  Salmonella. 

Escherichia  coli.  coliforms,  and  Staphylococcus  aureus  weekly  and  found  to 
be  negative  during  the  6-week  stucty.  All  test  gas  sanples  were  within  the 
microbial  acceptable  range.  The  control  air  sanples  were  microbially 
unacceptable  after  3  weeks  and  mold  growth  was  observed  after  5-weeks 
storage.  Microbial  growth  found  in  the  control  air  sanple  at  4  weeks  was 
significantly  different  from  all  other  weeks.  It  is  inpossible  to  oonpare 
the  two  groups  tested  in  this  stuefy  for  microbial  growth  due  to  the  fact 
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that  for  the  control  air  sanple  the  aerobic  microbes  were  tested  and  for 
the  gas  test  sairple  the  anaerobic  microbes  were  tested.  The  pH  was 
iteasured  viien  microbial  analysis  was  run  and  is  tabulated  in  Table  B-5c. 
The  pH  ranges  seen  to  be  consistently  hi^er  for  the  control  air  samples. 

Sensory  testing  showed  that  the  stored  saitples  rated  lower  than  the 
fresh  control  and  the  gas  test  samples  rated  very  sli^tly  less  than  the 
control  air  samples.  There  was  a  noticeable  green  tinge  on  the  bottcxn  of 
egg  samples  from  both  test  groups .  The  odor  was  low  and  the  flavor  was 
bland  with  a  hard-boiled  egg  flavor.  The  texture  was  moist  but  very 
sli^tly  toucfi. 

4f.  Trial  6  :  DELUCA'S  MAP  EGGS  (Deluca's,  Derby,  CT) 

The  raultiserve  eggs  were  very  pale  yellow  or  yellow  with  a  very 
slicpitly  green  color.  The  single-serve  eggs  were  a  normal  color  yellow. 

It  was  thou^t  that  the  difference  was  due  to  the  type  of  egg  used.  Eggs 
without  citric  acid  were  used  for  the  multiserve  eggs  v^le  eggs  with 
citric  acid  were  used  for  the  single-serve  eggs. 

Initial  gas  analysis  on  the  multiserve  eggs  showed  that  the  gas 
compositions  were  extremely  erroneous.  This  finding  could  be  due  to 
incorrect  use  of  or  faulty  gas  filling  equipment.  There  may  have  been 
severe  absorption  of  carbon  dioxide  by  the  egg  during  the  1-week  period 
before  shipment,  leaving  very  little  gas  behind.  When  the  multiserve 
packaging  bags  were  tested  for  oxygen  transmission  rate  it  was  found  to  be 
(3.172-3.442  cc/sq  m)/24  h.  The  oxygen  transmission  rate  data  for  the 
packaging  films  used  in  this  stucfy  are  given  in  Table  B-6a.  Normal  gas 
composition  ranges  were  found  for  the  control  air  samples.  Within  the 
test  gas  samples  there  were  very  low  carbon  dioxide  levels,  and  hi^ 
levels  of  ojq^gen  and  nitrogen.  For  all  samples,  gas  compositions  were 
very  similar  to  the  control  air.  The  gas  analysis  for  the  multiserve  test 
gas  eggs  was  found  to  be  unacceptable,  so  no  further  testing  was  conducted 
on  the  multiserve  group.  The  product  was  alreacfy  considered  to  be 
severely  corpromised. 

Initial  gas  analysis  on  the  single  serve  eggs  was  also  found  to  be 
extremely  different  from  vihat  was  injected  (Table  B-6b) .  The  packaging 
material  used  for  the  single  serve  eg^  possessed  hi^  moisture  and  gas 
barrier  properties.  The  lid  material  had  a  oxygen  transmission  rate  of 
(2.434-3.122  cc/sq  ra)/24  h.  The  carbon  dioxide  levels  were  somevdiat 
hi^er  th^  the  multi-serve  samples  but  were  still  very  significantly 
lower  than  v^at  was  injected.  The  oxygen  levels  were  much  hi^er  relative 
to  vihat  was  injected.  The  nitrogen  levels  were  also  much  hi^er  than  \diat 
was  injected.  When  Week  1  data  were  ccanpared  to  the  Week  4  data 
statistically,  there  were  significant  differences  found  in  the  oxygen 
control  in  air  and  Gas  3,  and  also  for  the  nitrogen  Gas  2.  The  gas 
analysis  data  can  be  found  in  Figs.  A-6a,  6b  and  Table  B-6b. 

There  were  aerobic  counts  between  1600  and  9900  CFU/g  of  sarple, 
negative  Escherichia  coli  and  <10  CHJ/g  of  sample  for  yeast  and  mold  for 
all  samples  of  raw  egg  used  in  the  multiserve  production.  There  were 
lower  aerobic  counts  between  <10  and  555  CFU/g  of  sample,  negative 
Escherichia  coli  and  <10  CFU/g  of  sample  for  yeast,  mold  and  anaerobic 
microbes  for  all  samples  of  raw  egg  used  in  the  single  serve  production. 
Initial  or  Week  1  storage  miicrobiological  analysis  for  the  multiserve 
samples  showed  no  growth  of  Escherichia  coli  and  <10  CFU/g  of  sample  for 
all  aerobic,  anaerobic,  yeast  and  molds  plates.  Initial  or  Wfeek  1  storage 
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]iiic3TC±»iological  analysis  for  the  single  serve  sanples  showed  negative 
results  for  yeast,  mold  and  E.  coli,  and  <10  counts  for  all  aerobic  and 
anaerobic  plates.  The  Aw  for  the  initial  cooked  MAP  packed  sanples  was 
between  0.989  and  0.996  for  the  multiserve  group  and  between  0.984  and 
0.991  for  the  single-serve  group.  The  TEA,  moisture,  protein,  fat  and  ash 
data  for  the  single-serve  eggs  are  reported  in  i^pendix  B.  The  pH  for  the 
initial  cooked  MAP-packed  sanples  was  between  7 . 88  and  8 . 25  for  the 
multiserve  group  and  between  6.84  and  7.05  for  the  single-serve  group. 

Deluca's  plant  was  in  full  production  on  both  test  days  throu^out  the 
entire  test,  vdiich  made  it  very  difficult  to  conduct  the  test.  It  was 
specified  in  the  contract  that  there  be  a  designated  location  that  was 
satisfied  by  opting  to  run  the  test  on  the  weekend.  The  first  test  day 
the  eggs  were  still  fro2en,  vdiich  made  it  difficult  to  ladle  into  pans. 
Removal  of  lids  to  return  them  for  an  additional  5  minutes  of  dry  heat 
cook  was  quite  awkward  and  labor  intaisive.  The  eggs  were  left  uncovered 
vMle  in  the  blast  chiller.  Ihe  multiserve  eggs  were  a  very  pale  yellow 
color  and  stuck  to  the  aluminum  pan  ^lile  the  single  serve  eggs  were  a 
yellow  color  and  did  not  stick  to  the  pan.  This  could  be  due  to  different 
cooking  methods  or  different  egg  type. 

5.  CCNCLDSICaJS  AND  RECCMffinSIDATIC»JS 

MAP  gas  mixtures  with  hi^  barrier  packages  can  control  the  growth  of 
spoilage  microbes  but  they  cannot  ensure  microbiological  safety. 
Intermediate  moisture  foods  may,  and  hi^  moisture  foods  must  also  be  kept 
refrigerated  to  prevent  microbial  growth.  The  growth  of  harmful  anaerobic 
organisms  such  as  Clostridium  botulinum  can  also  occur  if  there  is  no 
035ygen  present.  Low  tenperatiire  organisms  such  as  Listeria  monocytogenes 
and  Yersinia  enterocolitia  can  cultivate  during  esctended  storage  at  low 
torperatures . 

The  hurdle  concept,  vMch  is  a  method  of  adjusting  critical  factors, 
can  present  hurdles  for  and  reduce  the  chances  of  microbial  growth.  Water 
activity,  pH,  gas  concentrations,  initial  microbial  load,  package 
permeability  and  storage  temperature  are  some  of  the  critical  factors  that 
can  be  altered.  The  more  hurdles  applied  the  more  difficult  it  is  for 
microbes  to  overcone  these  hurdles  and  grow  [  33  ] . 

There  are  other  key  factors  that  contribute  to  maintain  microbial 
safety  and  quality  of  MAP  and  all  food  products.  These  factors  include 
the  use  of  hi^  quality  ingredients,  strict  sanitation  practices, 
appropriate  packaging  system  and  equipment,  maintenance  of  adequate 
temperature  control  and  appropriate  gas  mixture.  If  there  are  any 
microbial  spores  present  and  there  is  an  opportunity  for  growth,  the 
quality  will  be  oatpromised,  may  cause  a  health  hazard  and  the  shelf  life 
will  be  shortened.  It  is  important  to  start  with  ingredients  that  have 
been  properly  handled  with  no  contamination  because  MAP  products  are 
commonly  only  minimally  processed.  Spores  are  ordinarily  killed  during 
retorting  or  other  hi^-heat  preservation  techniques. 

The  lack  of  refrigeration  or  increase  in  temperatinre  during  the  life 
of  the  product  could  result  in  miicrobial  growth,  vAiich  can  be  inhibited  ty 
carbon  dioxide  and  low  temperatures.  There  have  been  no  significant 
outbreaks  due  to  the  use  of  MAP  but  this  does  not  mean  that  infections 
have  not  occurred. 

The  production  of  MAP  packaged  foods  requires  special  processing 
procedures  and  equipment.  It  is  desirable  to  have  pressurized  ultra  clean 
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filling  and  packaging  rooms  with  air  lock  entrances  and  exits  for  oiployee 
gowning,  etc.  Packaging  materials  should  be  UV  sanitized  and  there  should 
also  be  clean  rooms  for  individual  quick-frozen  produce  and  other 
ingredients  [34]. 

Public  safety  issues  have  initiated  significant  regulatory  interest 
related  to  Controlled  Atmosphere  Packaging  (CAP)/)^  chilled  food 
technology.  At  the  present  time  there  are  few  federal  regulations  that 
require  MAP  producers  to  do  anything  differently  than  any  other  food 
producer.  Meanviiile  there  is  great  consumer  demand  for  convenient, 
minimally  processed  chilled  foods  resulting  in  large  growth  within  the 
industry  under  minimum  of  outside  regulatory  action.  It  is  the 
responsibility  of  the  MAP  oottpany  to  establish  HACCP  principles  within  its 
production  based  on  assessing  hazards  from  the  growing  of  raw  ingredients 
to  the  consunption  of  the  finished  product.  Critical  control  points  must 
be  determined  for  each  hazard  by  establishing  limits  and  procedures  for 
monitoring  and  vdiat  corrective  action  should  be  taken  vdien  a  deviation  is 
identified.  Each  ocmpany  must  tailor  and  inplement  a  HACCP  program  based 
on  the  different  characteristics  of  its  production  technologies  and 
distribution.  The  incentive  to  establish  well-defined  and  workable  HACCP 
guidelines  is  marketing  success  of  the  product,  the  degree  of  risk  the 
producer  is  willing  to  underbake  and  the  quality  of  the  product  [  17  ] . 

Storage  and  distribution  logistics  are  inportant  issues  for  "^e 
military.  An  efficient  and  fast  distribution  system  is  also  an  inportant 
factor  for  success  in  the  oonmercial  market.  Logistically,  many  military 
food  rations  are  purchased  and  transported  to  storage  units  around  the 
world.  These  storage  units  must  be  refrigerated  for  MAP  items.  If  a  MAP 
food  is  to  be  a  field  ration,  it  must  have  refrigerated  transportation  and 
be  terrporarily  stored  in  refrigerated  boxes  in  the  field.  This  type  of 
ration  cannot  then  be  distributed  amongst  the  soldiers  to  carry  in  their 
pack  and  consume  as  needed  because  of  refrigerating  limits. 

Based  on  the  studies  in  this  report,  unless  we  can  aisure  the  safety 
of  the  current  MAP  for  extended  storage  time  and  confirm  the  safety 
using  a  reliable,  rapid  microbial  test,  MAP  products  don’t  sean  to  be 
ideal  for  military  field  scenarios. 

Currently  the  use  of  MAP  within  the  military  has  been  limited  to  shelf 
stable  intermediate-moisture  products  and  fresh  produce.  There  is  a 
growing  use  of  oxygen  scavengers  for  baked  itons  in  the  Meal  Reacfy-to-Eat 
(MRE),  such  as  the  shelf -stable  bread.  Osqrgen  scavengers  are  also  used  in 
esperimental  items  including  several  baked  items  with  meat  fillings.  The 
Navy  is  successful  in  transporting  several  kinds  of  fruit  and  vegetables 
overseas  by  ship  within  CAP  refrigerated  vans  [  35  ] .  Transporting  fruits 
and  vegetables  overseas  under  CAP  is  less  costly  because  water  transport 
is  less  ejpensive  than  the  alternative  air  transport  and  there  is  a 
significant  reduction  in  perished  product.  CAP  also  serves  as  an 
efficient  fumigant  and  may  prove  a  sufficient  alternative  to  the 
quarantine  method  of  methyl  brcxnide,  vdiidi  is  scheduled  to  be  banned. 
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APPENDICES 


A.  Figures  —  Trials  1  to  6 

B.  Tables  —  Trials  1  to  6 
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♦C02  -^02 -♦•N2 

Figure  A-la.  Natick  MAP  chicken:  Air  (2%  C02;  18%  02;  80%  N2)  vs.  Time 


100 

80 


g  60 

CO 

< 

O  40 


20 

0 

0  1  2  3  4  5 

TIME  (Weeks) 

♦C02  -^02  -♦-N2 

Figure  A-lb.  Natick  MAP  chicken:  Gas  1  (40%  C02;  2%  02;  58%  N2)  vs.  Time 
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♦  C02  02  N2 

Natick  MAP  chicken:  Gas  2  (40%  C02;  5%  02;  55%  N2)  vs.  Time 
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Figure  A- Id.  Natick  MAP  chicken:  Gas  3  (40%  C02;  60%  N2)  vs.  Time 
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Figure  A-le.  Natick  MAP  chicken:  Gas  4  (60%  C02;  40%  N2)  vs.  Time 


Figure  A-la...le  show  the  gas  composition  over  time 
for  the  Natick  MAP  chicken  packed  in  control  air, 
Gas  mixture  1,  2,  3  and  4  respectively. 
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TIME  (Weeks) 

□  C02  *02  [DN2 

Figure  A-2a.  Trio's  MAP  chicken:  Gas  ]  (40%  C02;  0.5%  02;  60%  N2)  vs.  Time 
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Figure  A-2b.  Trio's  MAP  chicken:  Gas  2  (40%  C02;  2.5%  02;  60%  N2)  vs.  Time 
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□  C02  ^02  [Dm 

Figure  A-2c.  Trio's  MAP  chicken;  Gas  3  (40%  C02;  0.35%  02;  60%  N2)  vs.  Time 


Figure  A-2a,  2b,  and  2c  show  the  gas  composition 
during  the  testing  period  of  the  MAP  chicken  packed 
at  Trio’s  in  Gas  mixture  1,  2  and  3  respectively. 
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Sl-1  0L-2  EL-3  Sl-4  KIL-5  EDL-6 
A-3a.  Control  MAP  lasagna  TTI  label  #60  reflectance  data 
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Sl-1  0L-2  Sl-3  SL-4  KIL-5  [[DL-6 
Figure  A-3b.  Control  MAP  Lasagna  TTI  label  #67  reflectance  data 
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TIME  (Week) 


6  labels: 

0L-1  0L-2  Bl-3  Sl-4  E3l-5  IEDl-6 
Figure  A-3c.  Control  MAP  lasagna  TTI  label  #76  reflectance  data 


Figure  A-3a,  3b,  and  3c  are  bar  graphs  showing  the 
change/decrease  in  reflectance  of  the  Time 
Temperature  Indicator  labels  #60,  #67,  and  #76 
respectively  which  were  on  the  lasagna  control 
samples.  Each  patterned  bar  represents  one  label. 
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Pouch  Number 


Gas  1  Gas  2  Gas  3  "*■  Gas  4  Gas  5  ^  Gas  6 
Figure  A-4a.  Natick  MAP  hamburgers  water  displacement  data 


GAS  MIXTURE 
□  C02  >02  n\m 

Figure  A-4b.  Natick  MAP  hamburgers  week  0  gas  composition 
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0CO2  >02  IIIIn2 

Figure  A-4c.  Natick  MAP  hamburgers  week  4  gas  composition 


Figure  A-4a.  shows  the  variation  in  gas  volume 
between  the  MAP  pouch  hamburgers  within  the  6 
different  test  gas  mixtures. 


Figures  A-4b  and  4c  show  the  gas  compositions  of  the 
MAP  pouch  hamburgers  packed  in  control  air  and  the 
6  test  gas  samples  at  0  week  and  after  4  weeks  storage 
respectively. 
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♦C02^02-^N2 

Figure  A-5a.  Natick  MAP  eggs  air  (held)  gas  composition 


♦C02  ^02  ■♦■N2 

Figure  A-5b.  Natick  MAP  eggs  air  (random)  gas  composition 
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Figure  A-5c.  Natick  MAP  eggs  gas  (held)  composition 


TIME  (Weeks) 
♦C02  -A^02  “♦-N2 


Figure  A-5d.  Natick  MAP  eggs  gas  (random)  composition 
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Figure  A-6a.  Deluca’s  single  serve  MAP  eggs  week  1  gas  composition 


100 


z 

o 

H  60-  •• 

00 

O 

CL 

S  40-  •• 

U 


00 

O  20- 


0 


AIR 


GAS  MIXTURE 


SC02  >02  1II1N02 


Figure  A-6b.  Deluca’s  single  serve  MAP  eggs  week  4  gas  composition 
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TABLE  B-1.  Natick  MAP  chicken  gas  analysis  data. 

Percent  gas  for  each  gas  test  mixture  at  weekly  intervals.  * 


TIME 

PERCENT  GAS 

Gas  1 

(40%  C02/  2%  02/  58%  N2) 

C02 

02 

N2 

OWK 

24  a 

2.97  c 

73.03  a 

IWK 

24.3  a 

1.03  b 

74.63  be 

2WK 

24.6  ab 

0.33  a 

75.07  c 

3WK 

24.77  abc 

0.2  a 

75.03  c 

4WK 

25.8  be 

0.13  a 

74.07  abc 

5WK 

26.03  c 

0.2  a 

73.77  ab 

Gas  2  (40%  C02/  5%  02/  55%  N2) 

C02 

02 

N2 

OWK 

21.67  a 

5.9  a 

72.4  a 

IWK 

21.33  a 

4.2  a 

74.5  a 

2WK 

20.9  a 

3.83  a 

75.27  a 

3WK 

21.63  a 

2.83  a 

75.5  a 

4WK 

23.23  a 

1  a 

75.77  a 

5WK 

24.07  a 

0.47  a 

75.47  a 

Gas  3  (40%C02/60%N2) 

C02 

02 

N2 

OWK 

25.07 

abc 

0.2 

ab 

74.7 

ab 

IWK 

24.73 

ab 

0.17 

ab 

75.1 

b 

2WK 

24.6 

a 

0.23 

b 

75.17 

b 

3WK 

25.27 

bed 

0.17 

ab 

74.57 

ab 

4WK 

25.6 

cd 

0.13 

a 

74.27 

a 

5WK 

25.7 

d 

0.2 

ab 

74.13 

a 

Gas  4 

(60%C02/40%N2) 

C02 

02 

N2 

OWK 

41.9 

a 

0.4 

a 

57.67 

a 

IWK 

40.93 

a 

0.43 

a 

58.63 

a 

2WK 

41 

a 

0.17 

a 

58.8 

a 

3WK 

41.57 

a 

0.23 

a 

58.2 

a 

4WK 

42.07 

a 

0.13 

a 

57.77 

a 

5WK 

42.2 

a 

0.2 

a 

57.6 

a 

Air  (2%  C02/  18%  02/  80%  N2) 

C02 

02 

N2 

OWK 

0.93  a 

17.67  d 

81.43  a 

IWK 

1.7  a 

13.5  c 

84.83  b 

2WK 

3.13  b 

8.93  b 

87.97  c 

3WK 

7.67  c 

1.63  a 

90.7  d 

4WK 

8.07  c 

1.2  a 

90.73  d 

5WK 

8.6  c 

1.2  a 

90.2  d 

*  Means;  N  =  3;  significant  differences 
indicated  by  letters  (p<0.05) 
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TABLE  B-2a.  Trio’s  MAP  chicken  gas  analysis  data. 

Percent  gas  for  each  gas  test  mixture  at  weekly  intervals.  * 


TIME  PERCENT  GAS 


GAS  1  (40%  C02/.5%  02/60%  N2) 


C02 

02 

N2 

2WK 

14.27 

0.3 

85.43 

3WK 

15.1 

0.2 

84.7 

4WK 

14.6 

0.3 

85.1 

GAS  2  (40%  C02/ 2.5% 

02/60%  N2) 

C02 

02 

N2 

2WK 

12.7 

0.65 

86.65 

3WK 

13.4 

0.4 

86.25 

4WK 

13.25 

0.25 

86.5 

GAS  3  (40%  C02/  .35% 

02/60%N2) 

C02 

02 

N2 

2WK 

19.4 

0.25 

80.35 

3WK 

19.6 

0.3 

80.1 

4WK 

19.05 

0.25 

80.75 

*  Means;  N=3  for  gas  I,  N=2  for  gas  2  &  3; 


TABLE  B-2b.  Trio’s  MAP  chicken  microbiological  data. 

Analysis  done  two  weeks  after  packaging. 


AEROBIC  PLATE  COUNTS 
CFU/g 

ANAEROBIC  PLATE  COUNTS 
CFU/g 

GAS  1 

log(6)4.8 

log(6)5.05 

GAS  2 

log(6)L2 

log(6)1.41 

GAS  3 

log(6)1.23 

log(6)1.275 

E.  coli 

Salmonella 

GAS  1 

neg 

neg 

GAS  2 

neg 

neg 

GAS  3 

neg 

neg 

*  Means;  N=4 
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TABLE  B-3a.  MAP  TTI  sensory  testing  guidelines. 


J^^pearance: 

Odor  : 

Flavor  : 

Texture  : 

Overall  : 


Note  changes  in  color,  dryness  or  moisture  collection. 
Visible  signs  of  mold. 

Note  off  odor  (due  to  oxidation,  carbon  dioxide,  etc.) 

Note  off  flavor  (due  to  oxidation,  rancidity,  carbon 
dioxide,  etc.) 

We  will  collectively  decide  if  there  is  an  off  flavor, 
describe  the  flavor,  and  conpared  to  the  control  v^at  we 
think  is  acceptable  for  this  product.  We  will  also  try  to 
note  the  first  signs  of  offness. 

Note  dryness,  moisture  migration,  and  tou^mess/ 
tenderness . 

The  control  will  be  frozen  so  the  texture  may  not  be 
OGarparable. 

Is  it  still  acceptable? 


TABLE  B-3b 


Sensory  evaluation  form, 


STSNL  Form  964  FOOD  QUALITY  EVALUATION 

1  Jul  74  EDITION  OF  I  MAT  74  WILL  BE  USED  UNTIL  EXHAUSTED. 
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TABIE  B-3c.  MZff  TTI  testing  schedule. 

Letters  indicate  vMch  test  was  done. 


Initial  abed 

Frozen  Control  a 
1  week  refrigerated  abed 

Frozen  Control  a 

1  week  refrigerated  abused  to  70°F  for  4  hours  abc 

1  week  refrigerated  abused  to  100  °F  for  4  hours  abc/e 

Frozen  Control  a 

2  week  refrigerated  abed/e 
abused  70  °F  1  week  abc 
abused  100 °F  1  week  abc/f 

3  week  refrigerated  cd 
abused  70°F  2  week  a/g 

4  week  refrigerated  ^/q 
abused  70°F  3  week  a/g 


a:  sensory 
b:  micro 
c:  TTI 

d:  TTI  noneventful 

e:  lasagna  not  sensory  tested  due  to  unacceptable  micro 

f:  chicken  nor  lasagna  not  sensory  tested  due  to  unacceptable  micro 

g:  ^pearance  and  odor  only  for  sensory  test 
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TABLE  B-3d.  MAP  TTI  chicken  and  lasagne  sensory  data.  * 


A.  CHICKEN  SENSORY  DATA 


APPEARANCE 

ODOR 

FLAVOR 

TEXTURE 

OVERALL 

CONTROL 

6.3  ab 

7.0  a 

6.3  a 

6.7  a 

6.5  a 

1  WEEK 

6.8  b 

6.3  a 

6.2  a 

6.3  a 

6.2  a 

1  WEEK  ABUSE  70°F 

6.5  ab 

5.8  a 

6.0  a 

6.5  a 

6.0  a 

1  WEEK  ABUSE  100°F 

6.5  ab 

6.2  a 

6.2  a 

6.3  a 

6.0  a 

2  WEEK 

6.0  a 

5.8  a 

5.5  a 

6.7  a 

5.5  a 

2  WEEK  ABUSE  70°F 

6.3  ab 

5.8  a 

5.8  a 

6.0  a 

5.8  a 

B.  LASA£3IA  SENSORY  DATA 

APPEARANCE 

ODOR 

FLAVOR 

TEXTURE 

OVERALL 

CCMROL 

6.7  be 

6.5  a 

6.5  a 

6.7  a 

6.3  a 

1  WEEK 

7.0  c 

6.5  a 

6.2  a 

6.7  a 

6.3  a 

1  WEEK  ABUSE  70°F 

6.2  ab 

6.0  a 

5.7  a 

6.3  a 

5.7  a 

2  WEEK 

5.8  a 

6.3  a 

6.2  a 

6.3  a 

6.2  a 

2  WEEK  ABUSE  70°F 

6.8  be 

5.8  a 

6.0  a 

6.3  a 

5.8  a 

*  Ifeans;  N=6  letters  indicate  significant  differences  at  (p<0.05). 
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TABLE  B-3e.  MAP  TTI  chicken  and  lasagna  microbiological  analysis  data.  * 


CHIOCEN 

LASAGNA 

Log 

CFU/a 

Log 

CX3NTRDL 

0.00  a 

<10 

0.00  a 

<10 

1  WEEK 

0.00  a 

<10 

0.00  a 

<10 

ABUSE  @70°F 

0.00  a 

<10 

1.59  ab 

448 

ABUSE  @100''F 

1.19  a 

30 

3.55  be 

208,000 

2  WEEK 

0.00  a 

<10 

4.98  c 

228,000 

2  WEEK  ABUSE 

0 

o 

0.00  a 

<10 

1.73  abc 

53,000 

2  WEEK  ABUSE 

@100°F 

2.64  a  28 

.6  X  10® 

*  Means;  N=3  letters  indicate  significant  differ^ces  at  (p<0.05). 


TABLE  B-3f .  MAP  TTI  chicken  and  lasagna  pH  data.  * 


LASAGNA 


CHIC3®N 


INITIAL 

5.2 

6.5 

WEEK  1 

5.47 

6.41 

ABUSE  70  F 

5.55 

6.21 

ABUSE  100  F 

5.37 

6.32 

WEEK  2 

5.15 

6.61 

WK  2  ABUSE  70  F 

5.3 

6.23 

WK  2  ABUSE  100  F 

- 

6.5 

*  Means:  N=6 
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TABLE  B-3g.  MAP  TTI  chicken  and  lasagna  no  abuse  reflectance  data. 
Averages  of  reflectance  readings.  * 


A.  CHICKEN  REFLECTANCE  DATA 

35  °F  STORAGE  WITHOUT  ABUSE 

LABEL  #60 

LABEL  #67 

LABEL  #76 

INITIAL 

91.50  a 

67.00  a 

75.75  a 

1  WEEK 

79.25  b 

40.62  b 

57.00  b 

2  WEEK 

66.00  c 

25.00  c 

43.50  c 

3  WEEK 

50.50  d 

00.00  d 

00.00  d 

B.  LASAC3IA  REFLECTANCE  DATA 

35  °F  STORAGE  WITHOUT  ABUSE 

LABEL  #60 

LABEL  #67 

LABEL  #76 

INITIAL 

90.50  a 

64.50  a 

77.25  a 

1  WEEK 

83.25  b 

39.50  b 

58.50  b 

2  WEEK 

68.00  c 

23.12  c 

40.25  c 

3  WEEK 

49.00  d 

00.00  d 

00.00  d 

*  Means;  N=4  letters  indicate  significant  differences  at  (pxO.OS). 
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TABLE  B-Sh.  MAP  TTI  cMcken  and  lasagna  abuse  70  F  reflectance  data. 
Averages  of  reflectance  readings.  * 


A.  CHICKEN  REFLECTANCE  DATA 


35°F 

STORACS  WITH 

4  HOURS  ABUSE  AT  70°F 

LABEL  #60 

LABEL  #67 

LABEL  #76 

INITIAL 

93.00  a 

67.50  a 

77.50  a 

1  WEEK 

81.00  b 

37.75  b 

59.50  b 

ABUSE 

80.75  b 

38.50  b 

59.00  b 

2  WEEK  ABUSE 

66.75  c 

21.00  c 

38.50  c 

3  WEEK  ABUSE 

46.25  d 

00.00  d 

00.00  d 

R.  LASASIA  REFLECTANCE  DATA 

35°F 

STORAGE  WITH 

4  HOURS  ABUSE  AT  70°F 

LABEL  #60 

LABEL  #67 

LABEL  #76 

INITIAL 

92.50  a 

65.50  a 

76.50  a 

1  WEEK 

79.75  b 

34.25  b 

54.00  b 

ABUSE 

79.50  b 

33.75  b 

29.00  c 

2  WEEK  ABUSE 

56.75  c 

17.25  c 

29.00  c 

3  WEEK  ABUSE 

36.00  d 

00.00  d 

00.00  d 

*  Means;  N=4  letters  indicate  significant  differences  at  (p<0.05). 
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TABLE  B-3i.  MAP  TTI  chicken  and  lasagna  abuse  100  F  reflectance  data. 
Averages  of  reflectance  readings.  * 


A.  CHICKEN  REFLECTANCE  DATA 


35° 

F  STORAGE  WITH  4  HOURS  ABUSE  AT  100  °F 

LABEL  #60 

LABEL  #67 

LABEL  #76 

INITIAL 

90.75  a 

64.75  a 

76.00  a 

1  WEEK 

81.25  b 

37.37  b 

57.00  b 

ABUSE 

68.50  c 

27.25  c 

34.75  c 

2  WEEK  ABUSE 

52.25  d 

7.12  d 

23,00  d 

3  WEEK  ABUSE 

36.00  e 

00.00  e 

00.00  e 

R.  TASAQOA  REFLECTANCE  DATA 

35°F  STORAGE  WITH  4  HOURS  ABUSE  AT  100°F 

LABEL  #60 

LABEL  #67 

LABEL  #76 

INITIAL 

91.00  a 

64.75  a 

76.00  a 

1  WEEK 

83.75  a 

41.00  b 

58.75  b 

ABUSE 

70.75  b 

24.75  c 

17.00  c 

2  WEEK  ABUSE 

48.75  c 

13.00  d 

00.00  d 

3  WEEK  ABUSE 

30.75  d 

00.00  e 

00.00  d 

*  Means;  N=4  letters  indicate  significant  differences  at  (p<0.05). 
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TABLE  B-3j.  MAP  TTI  chicken  and  lasagna  slope  and  correlation  coefficients  for  all  label  reflectance  data. 


A.  LASAGNA  SLOPE  DATA 

LABEL 

SLOPE 

CORRELATION  COEFFICIENT 

NO  ABUSE 

#60 

-13.975 

0.9496 

#67 

-20.988 

0.9908 

#76 

-25 

0.9461 

ABUSE  70  F 

#60 

-13.575 

0.8935 

#67 

-14.8 

0.9218 

#76 

-17.8 

0.9375 

ABUSE  100  F 

#60 

-15.55 

0.9164 

#67 

-15.75 

0.9645 

#76 

-21.075 

0.9039 

B.  CHICKEN  SLOPE  DATA 

LABEL  SLOPE  CORRELATION  COEFRCIENT 


NO  ABUSE 


#60 

-13.625 

0.9593 

#67 

-21.6625 

0.9858 

#76 

-24.075 

0.9107 

ABUSE  70  F 

#60 

-10.775 

0.9009 

#67 

-15.175 

0.9273 

#76 

-17.6 

0.8805 

ABUSE  100  F 

#60 

-13.85 

0.976 

#67 

-15.975 

0.9426 

#76 

-18.6 

0.988 
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TABLE  B-4a,  Natick  MAP  pouch  hamburgers  water  displacement  data  or  gas  volume  (ml). 


POUCH  # 

GAS  1 

GAS  2 

GAS  3 

GAS  4 

GAS  5 

GAS  6 

AIR 

1 

155 

152 

149 

176 

238 

85 

225 

2 

160 

158 

155 

217 

245 

315 

258 

3 

250 

160 

163 

225 

361 

333 

280 

4 

293 

165 

175 

233 

465 

617 

283 

5 

305 

165 

228 

266 

627 

658 

6 

317 

203 

239 

668 

691 

7 

324 

213 

8 

335 

215 

9 

345 

217 

10 

350 

221 

11 

402 

224 

12 

634 

224 

TABLE  B-4b.  Natick  MAP  pouch  hamburgers  gas  analysis  data. 

Percent  gas  for  each  gas  test  mixture  at  1  and  4  weeks.  ** 


GAS  MIXTURE  C02  02  N2 


A.  WEEK  0 


AIR 

0.3 

19.4 

80.25 

GAS  1 

(25%  C02/75%  N2) 

18.45 

1.25 

80.35 

GAS  2 

(75%C02/25%N2) 

61.85 

0.25 

37.9 

GAS  3 

(73%  C02/  2%  02/  25%  N2) 

66.05 

1.1 

32.85 

GAS  4 

(70%  C02/  5%  02/  25%  N2) 

54.15 

8 

37.9 

GAS  5 

(25%  C02/  2%  02/  73%  N2) 

19.6 

3.2 

77.2 

GAS  6 

(97%C02/3%N2) 

89.6 

5.2 

5.2 

B.  WEEK  4 


AIR 

6.4 

1.2 

92.4 

GAS  1 

(25%  C02/75%  N2) 

18.85 

0.2 

80.95 

GAS  2 

(75%C02/25%N2) 

63.25 

0.1 

36.7 

GAS  3 

(73%  C02/2%  02/25%  N2) 

58.4 

0.2  * 

41.4 

GAS  4 

(70%  C02/5%  02/25%  N2) 

62.75 

0.55  * 

36.6 

GAS  5 

(25%  C02/  2%  02/  73%  N2) 

21.65 

0.1 

78.3 

GAS  6 

(97%C02/3%N2) 

94.1 

0.15  ♦ 

5.85 

**  Means;  N=2  *  indicates  significant  differences  at  (p<0.05). 
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TABLE  B'4c.  Natick  MAP  pouch  hamburgers  microbiological  analysis  data. 


A.  INITIAL  STATUS 

RAW  3,950- 11 1,000  CFU/g 

GAS  MIXTURE 

COOKED  5-<10  CFU/g 

AEROBIC 

ANAEROBIC 

B.  WEEKO 

CFU/g 

CFU/g 

AIR 

<10 

NA 

GAS  1 

(25%  C02/75%  N2) 

NA 

<10 

GAS  2 

(75%  C02/25%  N2) 

NA 

<10 

GASS 

(73%  C02/  2%  02/  25%  N2) 

10 

NA 

GAS  4 

(70%  C02/  5%  02/  25%  N2) 

<10 

NA 

GASS 

(25%  C02/  2%  02/  73%  N2) 

<10 

NA 

GAS  6 

(97%C02/3%N2) 

NA 

<10 

C.  WEEK  4 

CFU/g 

Log 

CFU/g 

Log 

AIR 

135 

3.115 

NA 

GAS  1 

(25%  C02/75%  N2) 

NA 

0 

0 

GAS  2 

(75%  C02/25%  N2) 

NA 

14,611 

1.935 

GAS  3 

(73%  C02/  2%  02/  25%  N2) 

7 

0.35 

0 

0 

GAS  4 

(70%  C02/  5%  02/  25%  N2) 

303 

0.77 

434 

0.985 

GASS 

(25%  C02/  2%  02/  73%  N2) 

33,501 

1.2825 

33,376 

1.2825 

GAS  6 

(97%C02/3%N2) 

NA 

0 

0 

*  Means;  N=6  ♦*  indicates  significant  differences  at  (p<0.05). 
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TABLE  B-5a.  Natick  MAP  eggs  gas  analysis  data.  Percent  gas  far  each 

control  air  and  test  gas  when  held  and  randomly  withdrawn.  * 


A.  Control  AIR  eggs  HELD  over  time 


C02 

02 

N2 

OWK 

0.8 

a 

20.6 

a 

78.6 

a 

IWK 

0.9 

a 

20.35 

a 

78.75 

a 

2WK 

0.95 

a 

20.3 

a 

78.75 

a 

3WK 

0.95 

a 

20.45 

a 

78.6 

a 

4WK 

0.95 

a 

20.4 

a 

78.65 

a 

5WK 

1.55 

a 

19.5 

a 

78.95 

a 

6WK 

4.1 

a 

16.4 

a 

79.6 

a 

B.  Control  AIR  eggs  RANDOMLY 

withdrawn  over  time 

C02 

02 

N2 

OWK 

0.8 

ab 

20.6 

b 

78.6 

a 

IWK 

0.45 

a 

20.4 

b 

79.15 

be 

2WK 

0.4 

a 

20.35 

b 

79.25 

be 

3WK 

0.7 

ab 

20.4 

b 

78.9 

ab 

4WK 

0.65 

ab 

20.35 

b 

78.9 

ab 

5WK 

1.35 

b 

20.2 

ab 

78.45 

a 

6WK 

0.8 

ab 

19.8 

a 

79.4 

c 

C.  Test  gas  (25%  C02/  75%  N2)  eggs  HELD  over  time 


C02 

02 

N2 

OWK 

19.35 

e 

0.6 

a 

80.05 

a 

IWK 

19.3 

e 

0.6 

a 

80.1 

a 

2WK 

18.85 

de 

0.7 

a 

80.45 

ab 

3WK 

18.1 

cd 

0.85 

ab 

81.05 

be 

4WK 

17.3 

be 

1.05 

be 

81.65 

cd 

5WK 

16.55 

ab 

1.2 

c 

82.25 

de 

6WK 

15.45 

a 

1.55 

d 

83 

e 

D.  Test  gas  (25%  C02/  75%  N2)  eggs  RANDOMLY  withdrawn  over  time 


C02 

02 

N2 

OWK 

19.35 

a 

0.6 

80.05 

b 

IWK 

22.3 

b 

0.25 

77.45 

a 

2WK 

19.6 

a 

0.5 

79.95 

b 

3WK 

20.2 

ab 

0.4 

79.4 

ab 

4WK 

20.2 

ab 

0.35 

79.45 

ab 

5WK 

19.35 

a 

0.55 

80.1 

b 

6WK 

18.45 

a 

0.45 

81.1 

b 

*  Means;  N=2  letters  indicate  significant  differences  at  ^x0.05). 
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TABLE  B-5b.  Oxygen  transmission  rate  of  packaging  films. 


MATERIAL 

TRANSMISSION  RATE 
(cc/m  sq/day) 

Curiam  8057K  * 

3.78 

(bottom) 

3.89 

Curform  7748  * 

2.51 

(lidstock) 

Printpack 

3.42 

(bottom) 

Printpack  LS 

2.64 

(Udstock) 

2.73 

*  Packaging  material  chosen  for  the  MAP  egg  study. 


TABLE  B-5c.  Natick  MAP  eggs  chemical  analysis. 


PROTEIN 

16.195 

% 

FAT 

14.42 

% 

MOISTURE 

66.45 

% 

ASH 

1.285 

% 

pH 

7.97 

Aw 

0.975 

TABLE  B-5d.  Natick  MAP  eggs  microbiological  analysis  and  pH 
over  a  6  week  testing  period.  * 


AEROBIC 

CFU/g 

Control  Air 

pH 

ANAEROBIC 

CFU/g 

Test  Gas 

pH 

OWEEK 

<10 

8.22 

<10 

7.92 

1  WEEK 

<10 

8.38 

<10 

8.205 

2  WEEK 

<10 

8.41 

<10 

8.105 

3  WEEK 

805 

8.29 

<10 

8.225 

4  WEEK 

1950 

8.21 

<10 

7.815 

5  WEEK 

370 

8.235 

<10 

7.9 

6  WEEK 

120 

8.27 

<10 

8.09 

*  Means:  N=4 


56 


TABLE  B-6a.  Oxygen  transmission  rate  of  packaging  material  used  for  Deluca’s  MAP  eggs  smdy. 


PACKAGING  MATERIAL 

TRANSMISSION  RATE  (cc/m  sq/day) 

Deluca  Multi-Serve  Bag 

3.172 

3.442 

Deluca  Single  Serve  Bottom 

Fail  * 

Fail 

Deluca  Single  Serve  Lid 

2.553 

3.122 

2.434 

2.947 

*  Failure  may  be  due  to  instrument  malfunction  or  irregular  sample. 


TABLE  B-6b.  Deluca’s  MAP  eggs  gas  analysis  data. 

Percent  gas  for  each  test  gas  mixture  for  single  serve  after 
1  and  4  weeks  storage  and  multi-serve  after  1  week  storage.  ** 


A.  SINGLE  SERVE  EGGS 


IWEEK 

C02 

02 

N2 

AIR 

2.1 

20.4 

77.52 

GAS  1 

40%C02/60%N2 

15.25 

1.55 

83.25 

GAS  2 

40%C02/10%02/50%N2 

13.98 

13.52 

72.52 

GAS  3 

25%C02/75%N2 

7.18 

2.38 

90.45 

4  WEEK 

C02 

02 

N2 

AIR 

1.62 

19.78  * 

78.58 

GAS  I 

40%C02/60%N2 

15.38 

1.1 

83.52 

GAS  2 

40%  C021 10%  02/  50%  N2 

13.48 

13.05 

73.45  * 

GAS  3 

25%C02/75%N2 

7.6 

1.42  * 

90.98 

B.  MULTISERVE  EGGS 

IWEEK 

C02 

02 

N2 

AIR 

1.075 

19.925 

79 

GAS  1 

40%C02/60%N2 

1.775 

14.725 

83.55 

GAS  2 

40%  C02/  10%  02/  50%  N2 

1.575 

14.675 

83.5 

GAS  3 

25%C02/75%N2 

1.275 

14.35 

83.325 

**  Means;  N=4  ♦  indicates  significant  differences  at  (p<0.05). 
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